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Sediments, Structural Framework, Petroleum Potential, Environmental
Conditions, and Operational Considerations of the United States

South Atlantic Outer Continental Shelf

By the U.S. Geological Survey

ABSTRACT

The area designated for possible oil and gas lease sale in 

Bureau of Land Management memorandum 3310 #43 (722) and referred 

to therein as part of the United States South Atlantic Outer Conti 

nental Shelf (OCS) contains about 98,000 square kilometres of the 

continental margin seaward of the 3 mile offshore limit and within 

the 600 metre isobath. The designated area, offshore of North Caro 

lina, South Carolina, Georgia, and Florida, encompasses parts of three 

physiographic provinces: the Continental Shelf, the Florida-Hatteras 

Slope, and the BlaJce Plateau.

The structural framework of the U.S. South Atlantic region is 

dominated by the Southeast Georia Embayment --an east-plunging depression 

recessed into the Atlantic Coastal Plain and shelf between Cape Fear, 

North Carolina and Jacksonville, Florida. The embayment is bounded 

to the north by the Cape Fear Arch and to southeast by the Peninsular 

Arch.

Refraction data indicate a minor bacement(?) ridge beneath the 

outer shelf between 30° and 32°N at 80°W. Drill hole data also 

suggest a gentle fold or accretionary structure (reef?) off the east



coast of Florida. Several other structural features have been identi 

fied by refraction and reflection techniques and drilling. These are 

the Yamacraw Uplift, Burton High, Stono Arch, and the Suwannee Channel.

Gravity and magnetic anomalies within the area probably result 

from emplacement of magma bodies along linear features representing 

fundamental crustal boundaries. Of these anomalies, the most prominent f 

is a segment of the East Coast Magnetic Anomaly which crosses the 

coast at Brunswick, Georgia. This anomaly has been interpreted as 

representing an ancient continental boundary where two formerly 

separate continental plates collided and were welded together.

There may be as much as 5,000 m of sedimentary rocks in the Southeast 

Georgia Eirbayment out to the 600 m isobath. Basement rocks beneath 

the Southeast Georgia Emiiayment are expected to be similar to those 

exposed in the Applachian Piedmont province, Triassic deposits 

are likely to exist beneath the inner Continental Shelf, and probably 

consist of nonmarine arkosic sandstones, shales, basalt flows, and 

diabase intrusions deposited in relatively narrow northeast-trending 

grabens. Jurassic marine carbonates in the Bahamas grade northward 

to carbonates, shales, sand, and arkose in North Carolina. Salt may 

be present in the basal Jurassic section in the Southeast Georgia 

Embayment. Up to 4,000 m of Jurassic-Lower Cretaceous rocks are expected 

out to the 600 m water depth. Lower Cretaceous rocks in southern Florida 

are shallow-water marine limestone and dolomites with beds of anyhydrite. 

In coastal North Carolina the Lower Cretaceous is a marine section made 

up of shales, sand, and sandy limestone. The Upper Cretaceous is composed 

almost entirely of marine carbonates in southern Florida grading northward 

to nonmarine to marginal marine, sandstones and shales with minor amounts of



carbonates. In general, Upper Cretaceous rocks will probably maintain a 

fairly constant thickness (600 m) on the Continental Shelf and grade down- 

dip from terrigeneous sands and shales to more marine chalks, limestones, 

and dolomites. The Cenozoic rocks are predominently shallow-water marine 

carbonates in Florida grading northward into a marginal marine to marine clastic 

facies composed of sands, marls, and limestones. The offshore Ceno 

zoic section is expected to range in thickness from 600 to 1100 m.

A reconstruction of the geologic history suggests that the present 

continental margin is a result of a collision of the North American and 

African continental plates during late Paleozoic time and later modification 

during Late Triassic time when the continental plates separated, forming 

the present Atlantic Ocean.

No commercial production of hydrocarbons has been developed on the 

Atlantic Coastal Plain immediately adjacent to the studied area even 

though hydrocarbon shows have been encountered in onshore Coastal Plain 

wells of North Carolina, Georgia, and Florida. However, the offshore 

Southeast Georgia Embayment appears to have the necessary elements 

for hydrocarbon production   traps, source rocks, and reservoir 

rocks. Potential hydrocarbon traps are expected to be chiefly stratigraphic, 

such as facies changes, updip pinchouts, reefs, and uncomformities, 

although drape structures and low relief anticlines may prove to be 

important. Potential source rocks in t^e Southeast Georgia Embayment 

may include organic-rich Lower Cretaceous shale (300 m thick) and 

carbonaceous Jurassic and Cretaceous carbonates. The Lower Cretaceous- 

Jurassic age rocks are considered to be the most perspective for 

hydrocarbon entrapment.



A geological analog to the Southeast Georgia Embayment might be the 

Senegal Basin on the west coast of Africa, and the Southwest Florida 

Embayment where the tectonic and stratigraphic frameworks appear to be 

similar.

Statistical mean estimates for the undiscovered recoverable petroleum 

resources are calculated to be 0.4 billion barrels of oil and 0.7 

trillion cubic feet of gas. At the 5 percent probability level (1 in 20 

chance) the undiscovered recoverable petroleum resources are calculated to 

be 1.5 billion barrels of oil and 2.8 trillion cubic feet of gas. 

These undiscovered recoverable petroleum resources are those quanti 

ties of oil and gas that may be reasonably expected to exist in 

favorable settings, but which have not yet been identified by drilling. 

Such estimates therefore carry a high degree of uncertainty.

The general paucity of "reserves" of hard minerals (other than 

oil and gas) of the U.S. Atlantic OCS area appears to result not from 

insufficient sampling but from an actual dearth of such minerals.

Potential hazards that could be associated with future petroleum 

development include: (1) weakening or possible damage to offshore construction 

due to collapse of solution cavities in carbonate rocks, poor support 

characteristics of shallow clay or peat layers, mobility of surficial 

sediments, or hurricane waves; (2) a shoreward concentration of 

surface drift toward the coast of northern Florida, especially 

in the vicinity of Cape Canaveral, which might concentrate offshore 

oil spills; (3) indications of continuing high level of seismic 

activity in the Charleston area and (4) exacerbation of salt water intrusion 

into the Floridan aquifer, a major source of potable water.



With respect to operational considerations, our highest esti 

mates indicate that 20-25 platforms, 440 producing wells, 800 km of 

pipeline, and 4 onshore terminals may be needed. The time frame 

for production, using our high estimates (at the 5% probability 

level) for the undiscovered recoverable resources, could include 

4-5 years for significant development, 6-7 years until production 

commences, and 12-16 years until peak production.



I. Introduction

This report was prepared in answer to the Bureau of Land Management 

(BLM) memorandum 3310 #43 (722) requesting, from the U.S. Geological 

Survey (USGS), a summary report describing the geology, potential mineral 

resources, estimated oil and gas resources, potential environmental hazards, 

and operational considerations of the United States South Atlantic Outer 

Continental Shelf (OCS) area. The report will be used in evaluating the 

possibility of an oil and gas lease sale. Researchers from academic 

institutions, government agencies, and industry have studied the United 

States South Atlantic OCS area and it is from their published knowledge 

and the ongoing USGS research and field projects that this synthesis is 

made.

The area under consideration for possible oil and gas lease sale 

in BLM memorandum 3310 #43 (722), and referred to therein as part of the 

South Atlantic (OCS), is shown in Figure 1. This area includes part 

of the United States East Coast Continental Shelf, part of the Florida- 

Hatteras slope, and the innermost part of the Blake Plateau. The area 

is bounded to the west and northwest by the 3 mile offshore limit, to 

the southeast by the 600 metre (m) isobath, to the northeast roughly by 

the Cape Fear Arch, and to the south by 28.5 degrees N latitude (Fig. 1). 

It encompasses approximately 98,000 square kilometres and is popularly 

referred to as the "Southeast Georgia Embayment".

The term Southeast Georgia Embayment was used by Toulmin (1955) to 

refer to an east-plunging depression recessed into the Atlantic Coastal 

Plain between Savannah, Georgia, and Jacksonville, Florida. This depres 

sion was originally named the "Okefenokee Embayment" by Pressler (1947) and
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Figure 1.  

IQO 2OO KILOMETERS

Location of study area (hachured) and major structural features 
of the southeastern United States. Contours in metres. Study 
area extends seaward to 600 m.



called the Atlantic Embayment of Georgia by Herrick and Vorhis (1963). 

Pressler (1947) did not give definite bounds to the Okefenokee Embayment, 

but did note that it was probably on the southern end of a larger embay- 

ment. Later, Murray (1961, Fig. 3.1) used the more inclusive term 

"Savannah Embiiyment" to refer to the structural depression which extends 

from the Cape Fear Arch to the Peninsular Arch and is open-ended in a 

seaward direction. Although the term "Savannah Embayment" may be 

the preferred usage for the area presently being studied; we will 

use the popular term "Southeast Georgia Embayment".

The Southeast Georgia Embayment has at least some and possibly 

all of the favorable geological characteristics of a prospective 

petroleum province. These are known to include a thick section of 

marine sedimentary rocks and hydrocarbon shows (onshore), and are believed 

to include potential hydrocarbon traps (both structural and strati- 

graphic) , potential reservoir rocks, sealing beds to prevent vertical 

hydrocarbon migration, and potential source beds. Because no deep 

wells have been drilled in the immediate offshore area, the probability 

of finding petroleum can only be judged subjectively from the data of 

wells drilled along the coast and from limited geophysical surveys. 

Therefore, much of this report describes the surface and subsurface 

geology of the Coastal Plain in South Carolina, Georgia, Florida, and 

the Bahamas.

Based on the analysis of the petroleum geology of the Southeast 

Georgia Embayment, the Resource Appraisal Group (RAG) of the USGS



appraised (in terms of probability) the "undiscovered recoverable 

petroleum resources" of the studied area. These undiscovered recov 

erable petroleum resources are those quantities of oil and gas that 

may be reasonably expected to exist in favorable settings, but which 

have not yet been identified by drilling. Such estimates, therefore 

carry a high degree of uncertainty. RAG's estimates, in turn, were 

used by the Conservation Division of the USGS to project the manpower, 

infrastructure, and time frame necessary for exploration and develop 

ment of the South Atlantic Outer Continental Shelf oil and gas resources.

In addition to describing the geology, petroleum geology, and 

potential petroleum resources of the Southeast Georgia Embayment, this 

report v;as aimed at identifying potential environmental hazards. Studies 

of potential environmental hazards have been approached by examining the 

specifics of such considerations as: ocean circulation, weather condi 

tions, movement and stability of shallow sediments, seismicity, aquifer 

conditions, potential drilling hazards, man-made hazards, etc.
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II. Geology 

A. Physiography of the Offshore Region

The continental margin between Cape Fear and Cape Canaveral 

may be divided into a continental shelf and a deep water plateau 

or continental borderland known as the Blake Plateau. The two are 

connected by a continental slope, the Florida-Hatteras slope (Fig. 

2) .

1. Continental Shelf

The continental shelf ranges greatly in width, from 33 km at 

Cape Hatteras to a maximum width of 135 km between Charleston, South 

Carolina and Jacksonville f Florida and then narrows to less than 1 

km north of Miami, Florida (Fig. 3).

The shelf gradient is generally less than 0°10'. The depth of 

shelf break between Cape Romain and Cape Canaveral (temporarily called 

Cape Kennedy at the time when Fig. 3 was produced) is between 50 and 

70 metres (Uchupi, 1967). The shelf surface is irregular, and cuspate 

projections occur off Capes Canaveral, Remain, and Fear (Emery and Uchupi, 

1972) (Fi^ . 4) and sand ridges are aligned at right angles to the shore 

line (Fig. 5). Shelf irregularities also include low algal banks 

along the Carolina coast (Pearse and Williams, 1951), terraces and 

reefs. As many as seven terraces or submerged shores have been recog 

nized from echo-sounding data on the shelf between Miami and Cape 

Hatteras; one of these terraces is as deep as 120 m, thus well below 

the shelf break.

11
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Bathymetry of the continental marginbetween Cape Hatteras, 
North Carolina and Cape Kennedy, Florida. Based on sound 
ing from the U. S. Coast and Geodetic Survey hydrographic 
surveys, and from a chart by Pratt and Heezen (1964, Fig. 
1).

Fig. 3 - From Uchupi (1967, Fig. 1, p. 157)
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« ond ?OM£T[H CONTOUR INTERVAL 
CONTOURS BASED ON SOUNDINGS < ROM 
USC ACS HYOROGNJIPHIC SURVEYS

Bathymetry of a segment of the continental margin between 
Cape Fear and Cape Remain. Based on soundings from the 
U. S. Coast and Geodetic Survey hydrographic surveys.

Fig. 4 - From Uchupi (1967, Fig. 2).
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Numerous reefs also dot the shelf. Some are within a few kilometres 

of shore where they consist of lower Miocene marl overlain by a great 

variety of encrusting calcareous organisms. In addition to the 

actively growing inner shelf reefs, ancient algal reefs (dated at 

about 19,000 years old) border the shelf break. Sounding profiles 

indicate that these reefs extend more or less unbroken for the entire 

length of the slope from Miami to Cape Hatteras in water depths of 

80-100 m.

Areas of smooth topography near the shore and along the shelf 

edge have fine-grained detrital and calcareous sediments, while areas 

of undulating topography covering most of the shelf have medium to 

coarse sands (see section on marine surficial sediments, below) (Uchupi 

and Tagg, 1966).

2. Florida-Hatteras Slope

The Florida-Hatteras Slope (Figs. 2 and 3) has been discussed 

by Uchupi (1967, p. 159) as follows:

"Seaward of the shelf and separating it from the Blake 
Plateau is the Florida-Hatteras Slope, a relatively smooth 
slope with a gradient that rarely exceed 1° (7m/km). Its 
relief ranges from 700 meters east of Cape Kennedy to less 
than 10 meters off Cape Lookout. This slope extends only 
a few kilometers northeast of Cape Lookout before it blends 
with the Blake Plateau."

3. Blake Plateau

The Blake Plateau has an average depth of 850m and is described 

as follows by Uchupi (1967, p. 154):

16



North of Latitude 32° the Blake Plateau is relatively 
smooth, dips seaward with a gradient greater than 0°30' 
( 9m/km), and forms a transitional zone between the conti 
nental slope to the north and the broad and flat plateau 
proper to the south. The plateau is widest south of Lati 
tude 30°. This segment of the plateau is relatively smooth, 
except for a rough zone near the base of the Florida-Hatteras 
Slope. This irregular zone extends from the Straits of Florida 
to Cape Remain. Between Latitudes 30° and 32° the jagged 
topography extends across the plateau. Within the area of 
rough topography are large, broad and generally flat-bottomed 
hollows with reliefs in excess of 40 meters. Around the margins 
of these lows and occasionally within them are innumerable 
conical hills that add to the relief of the depressions and 
accentuate the roughness of the topography. Bottom samples 
and bottom photographs indicate that the conical hills are 
coral mounds.

Seismic profiles (see section on shallow structure of the continental 

margin) clearly show that the depressions on the western Blake Plateau 

are erosional scour pits thought by Pratt and Heezen (1964) to be 

eroded by the Gulf Stream.

17



B. Marine Surficial Sediments

1. Texture

Sand veneers the shelf and slope (Fig. 6). Gravel is less 

than 10 percent of the surficial sediment and is limited to a few 

areas on the inner Blake Plateau below the Gulf Stream. Silt 

forms less than 20 percent of the sediment, although it can 

exceed 40 percent along the Florida-Hatteras Slope. Though clay 

is nearly absent in shelf sediments, it increases on the Florida- 

Hatteras slope.

Detailed studies of the Continental Shelf off Georgia show that 

fine sand is present near shore out to a water depth of 10 m ' (Howard, Frey, 

and Kingery, 1973; Howard, Frey, and Reineck, 1973) and coarse sand 

covers the mid-shelf area. This break in sediment size at the 10 m water 

depth has been postulated to be the relict-recent boundary (Pilkey and 

Frankenberg, 1964). Remnant marsh or estuarine deposits occur 

locally as patches of semi-consolidated mud.

2. Composition

Sheif sane* becomes increasingly carbonate-rich* both southward 

and seaward (Fig. 7\ because of increasing fractions of fragments 

of mollusks, coralline algae, barnacles, and oolites (Milliman, 

1972). Near shore, a relatively high feldspar-low carbonate sediment 

composition reflects the run-off from the Piedmont Province rivers 

(Field and Pilkey, 1969). Further seaward, shelf sediments show a

18
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EXPLANATION

SEDIMENT TYPES
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Fig, 7 - Sediment 
composition types between 
Cape Fear and Cape Kennedy 
(from Milliman, 1972, pi. 9).
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low feldspar content and a high carbonate content. Non-carbonate 

grains include quartz and feldspar and glauconite with localized 

occurrences of phosphorite, rock fragments, mica, and siliceous 

biologic remains (Milliman, 1972).

On the inner shelf off Carolina the carbonate is concentrated 

in the fine fraction, whereas on the mid and outer shelf the 

carbonate becomes equal in all fractions and beyond the shelf break 

the carbonate becomes greatest in the coarser fraction (Molina and 

Pilkey, 1972). Carbonate sand is the dominant sediment type on the 

inner Blake Plateau.

On the Florida-Hatteras Slope relict dark glauconitic sands 

dominate (Milliman, 1972). The clay mineral facies of the shelf and 

slope is characterized by montmorillonite and kaolinite (Hathaway, 

1971, 1972).

3. Sediment Sources

Surficial sediments of the continental margin are derived from 

rivers, carbonate precipitations and authigenic deposition. Fluvial 

sediments of the shelf and slope between Cape Fear and northern 

Florida are less feldspathic than sediments t>f the north and are 

probably derived from southern Piedmont rivers. (Milliman, 1972). 

Three heavy-mineral provinces have been identified off Georgia, 

originating from the Savannah, Ogeecbee and Altamaha Rivers 

(Gadow, 1972).

21



Although Piedmont rivers furnished most shelf sediment and 

sediments have apparently had a complex history, and many were most 

recently derived from older continental margin deposits (Field and 

Pilkey, 1969; Pilkey and Field, 1972). The glauconite sands of the 

slope (Milliman, 1972) and phosphorites of the shelf (Pevear and 

Pilkey, 1966) apparently were produced in this manner.

Examination of cores taken from the inner shelf off central and 

northern Florida (Field and Meisburger, 1973) indicates that most of 

Holocene shelf sediments were derived from erosion and reworking of 

shelf substrata and that direct fluvial contribution has been 

negligible during the last rise of sea level. Easily eroded semi- 

lithified Tertiary and Pleistocene deposits crop out or lie a short 

distance below the bottom. Winnowing of sediments derived from these 

deposits probably accounts for the veneer of orthoquartzitic sand 

that mantles the inner shelf. Progressive upward depletion of fine 

constituents within the Holocene sand and presence of components 

(Foraminifera, phosphorite grains) apparently derived from below

are regarded as evidence of continuity with underlying strata.
» 

4. Depositional Environments

Some sediments on the shelf of the Southeast Georgia 

Embayment are clearly not in textural equilibrium with the pre 

sent wave and current regime. The abundance of black shells, 

oolites, and shallow water fauna across the shelf indicate that 

some sediments were deposited in a reducing coastal environment
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during the last transgression of the sea (Pilkey and others, 1969). 

Lipp and others (1975, p. 510) have identified at least six deposi- 

tional environments in shelf sediments off Ocracoke Inlet, North 

Carolina, including present day shelf sands, Holocene open estuary 

mud-sand-gravel sequences, early Holocene lagoon muds, early 

Holocene marsh peat, pre-Holocene sands, and pre-Holocene mud.

Milliman, Pilkey, and Ross (1972, p. 1315) summarize as 

follows:

"Although most sediments are not in compositional equilibrium 
with the present-day shelf environment, there is considerable 
evidence to suggest that many may be in at least partial 
t«xtural equilibrium. Holocene reworking has removed most of 
the fine-grained sediment,.leaving only coarse to medium sand. 
Some fine-grained fluvial sediment escapes the estuaries and 
near-shore during floods and storms, but this influx is not 
sufficient to offset the effect of winnowing by currents and 
waves. A significant portion of the modern nearshore sediment, 
in fact, may be derived from landward transport of fine grained 
sediment from the central and outer shelf."

It is possible that much of the sediment transport that is 

taking place, occurs in a cross-shelf direction; and that lateral 

transport is not important, as sharp, cross-shelf boundaries are 

present in several sedimentary parameters (carbonate and phosphorite 

abundance, iron staining and feldspar anomalies) (Milliman, Pilkey 

and Ross, 1972).
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C - Structure

1. Major Structural Features of the Region

The most prominent structural features on the United States 

South Atlantic Coastal Plain are the Cape Fear Arch, the Southeast 

Georgia Embayment, and the Peninsular Arch (Fig. 8 ).

Southeast Georgia Embayment. The Southeast Georgia Embayment 

is an east-plunging depression recessed into the Atlantic

Coastal Plain between Cape Fear, North Carolina and Jacksonville, 

Florida. Basement dips seaward from the south flank of the Cape

Fear Arch which bounds the embayment on the north, and the central 

Georgia Uplift and Peninsular Arch which bounds the western and south 

eastern limits of the embayment, respectively (Fig. 8 ). From the 

Fall Line, the basement surface dips seaward at 2 m/km to a depth of 

approximately 900 m then the dip steepens to about 23 m/km (Maher, 

1971). Cross sections by Maher (1971) indicate the depth of basement 

rocks at the coast are in excess of 6,100 m in southern Florida, 1,500 

m in southeast Georgia, and 420 m on the Cape Fear Arch.

Originally, Woollard and others (1957) identified offshore base 

ment, which they considered Precambrian in 'age, as refractors with 

velocities in excess of 5.6 km/sec. Most recent studies also define 

basement in the area as rock with velocities in excess of 5.6 km/sec. 

Although basement is now considered simply as pre-Cretaceous in age, high- 

velocity (5.6 to 6.2 km/sec) Lower Cretaceous rocks certainly can exist.
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Fig. i{ - Structural fraturcr. of southeastern United States 
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In this report, the term basement will be used to mean rocks 

with velocities in excess of 5.6 km/sec, and it will be assumed 

that some high velocity Lower Cretaceous rocks may be included 

as shown in profiles (locations - Fig. 9, profiles - Fig. 10). 

Contours on this high velocity surface are shown in Figure 11.

Seismic refraction studies indicate that basement reaches 

depths in excess of 6 km on the mid-shelf just south of 30°N and 

that this is probably the deepest point in the pre-Cretaceous 

basement in the Southeast Georgia Embayment (Fig. 11) .

In the Cape Fear area, Woollard attributed several high 

velocities (6+ km/sec) to refractors within the basement. If the 

lower velocity refractors (5.6-6.0 km/sec) were actually within the 

Cretaceous and the higher velocity refractors represent basement, then 

basement off Cape Fear may be at a greater depth than previously thought 

and may show some structural features to account for the sudden 

deepening. Data from coastal wells in Georgia indicate approxi  

mately 1,500 m of sediments over the pre-Cretaceous crystalline 

basement in the Southeast Georgia Embayment near the shoreline. 

Well data also indicate that the basement surface beneath the 

basin slopes uniformly seaward to about 80 km seaward of the 

coast, where its dip steepens greatly (Scott and Cole, 1975, Fig. 7).
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Fig, 9 - Location map of 
composite vertical cross- 
sections of seismic refraction 
velocities.
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seismic velocities.
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\
Fig. 11 - Contour map (in 

kilometres) to refraction inter 
face with velocity greater than 
5.6 km/sec. On land the base 
ment contours are taken from 
the map of Maher (1971).
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Cape Fear Arch - Flanking the Southeast Georgia Embayment to 

the northeast is a broad upwarp, the Cape Fear Arch (Stephenson, 

1926, 1928). This upwarp is a southeast-plunging basement nose ex 

tending from near the Fall Line and to at least the North Carolina coast 

line. The time of origin of the Cape Fear Arch has been variously 

cited as from Early Cretaceous to early Miocene (Maher, 1971). 

Siple (1965) and Eardley (1951) have suggested that uplift probably 

occurred intermittently during various geologic periods. Cenozoic 

uplift of the arch resulted in widespread truncation of Cretaceous 

rocks, a relation that can be seen on the Geologic Map of U.S. 

Along the crest of the arch near the North Carolina coastline, the 

basement rocks are covered by about 470 m of sedimentary strata 

(Maher, 1971). The arch plunges southeastward at approximately 

2.5 m/km onshore (Olson, 1973). Depth to basement along the flanks 

of the arch are about 1500 m near Cape Lookout, North Carolina and 

760 m near Cape Romaln, South Carolina.

Seismic refraction data (Meyer, 1956, Hersey and others, 1959) 

suggests a seaward extension of the arch across the continental 

shelf and the Blake Plateau. At the edge of the continental 

shelf, the basement rocks on the crest of the arch are 1200 m 

below sea level (Maher, 1971). Ewing, Efe.lng, and Leyden (1966, 

Fig. 26) suggest a more southerly direction for the seaward exten 

sion of the Cape Fear Arch. However, a U.S.G.S. seismic profile 

which is just landward and parallel to Ewing, Ewing, and Leyden T s 

(1966) profile C-9, contains a reflector of probable Late 

Cretaceous age which is only slightly warped across the entire
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length of the profile (Dillon, 1974).

Peninsular Arch - The Peninsular Arch flanks the Southeast 

Georgia Embayment to the southwest and is the dominant positive 

subsurface structural feature in the southeastern United States. 

The Peninsular Arch formed the backbone of the broad Florida 

Platform throughout the entire geological time interval from 

Paleozoic to Holocene (Chen, 1965). Parts of the Peninsular Arch 

have been variously designated as "Central Georgia Uplift" and 

"Ocala Uplift" (Fig. 8 ), however the Peninsular Arch Central 

Georgia Uplift represents the late Paleozoic and Mesozoic positive 

axis and the Ocala Uplift, located on the western flank of the 

arch, reflects lower Cenozoic upwarping (Murray, 1961). Isopach 

and lithofacies patterns suggest to Cramer (1974) that the 

Central Georgia Uplift may have also been positive during the 

early Cenozoic. The core of the Peninsular Arch   Central 

Georgia Uplift is made up of Early Paleozoic rocks (Murray, 1961). 

Although the arch is a prominent northwest-southeast subsurface struc 

tural feature, gravity and magnetic data do not reveal its presence.

2. Structures Inferred from Gravity and Magnetic Anomalies

Many gravity and magnetic anomalies in the U. S. South Atlantic 

Province appear to result from compcritional changes within the 

basement rather than major basement structural features. They may 

result from emplacement of magma bodies along linear features, 

probably representing fundamental crustal boundaries. Reactivation 

of these crustal boundaries by faulting throughout the epochs of
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Mesozoic and Cenozoic sea floor spreading in the Atlantic might 

have influenced the overlapping sediments, as suggested by Brown 

and others (1972) and Sheridan (1974). Therefore, along these trends 

of major magnetic and gravity anomalies, slight horst or dome 

developments might be expected, as found in the Baltimore Canyon 

Trough.

The most prominent magnetic feature of the continental margin 

is the East Coast Magnetic Anomaly, a positive magnetic anomaly of 

about 150-250 gammas (Drake, Heirtzler, and Hirshman, 1963; Taylor, 

Zietz and Dennis, 1968). The Slope Anomaly is bounded on the sea 

ward side by the magnetic "quiet zone" (King, Zietz, and Dempsey, 1961, 

Heirtzler and Hayes, 1967; Taylor, Zietz, and Dennis, 1968). Taylor, 

Zietz, and Dennis (1968) show bifurcation of the East Coast Magnetic 

Anomaly south of Cape Hatteras (Figs. 12 and 13 ). One positive 

trend continues under the central part of the Blake Plateau. Another 

prominent positive and negative magnetic anomaly swings westward and 

apparently crosses the coast at Brunswick, Georgia. There is also a 

prominent positive free-air gravity anomaly trending along the shelf 

slope boundary which bifurcates at 31°N lat. (Rabinowitz, 1973). One 

branch continues southward along the edge of the Continental Shelf 

off Florida and the other branch crosses the Georgia coast at about 

the same position as the magnetic anomaly.

A major lithologic boundary occurs in the pre-Cretaceous rocks 

where the anomalies go ashore in Georgia. Rhyolitic and basaltic 

volcanics are found south of granitic basement (Applin, 1951). Model
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Fig* 13 ~ Major gravity and magnetic anomaly trends in the area. 
Dashed line is the positive free-air gravity greater than 20 mgal. 
Dot-dashed line is the positive total intensity magnetic anomaly, 
150-250 gammas, running along the shelf edge and along the Appalachians, 
The line of circles maps the prominent negative magnetic anomaly swing 
ing into Georgia.
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studies suggest to Taylor, Zietz, and Dennis (1968) that the nega 

tive part of the east coast anomaly which crosses Georgia reflects 

a felsic intrusion. Rabinowitz (1973) and Long (1974) have also 

suggested a possible igneous intrusive body to account for the 

gravity high that swings through the Florida-Georgia area. In 

Tift County, Georgia there is a 50 mgal circular positive anomaly

(the largest of three such anomalies) which may correlate with the 

westward extension of the East Coast magnetic anomaly (Long, 1974). 

The anomaly is the size and character of an anomaly that could be 

produced by a volcanic plug (Long, 1974).

These gravity and magnetic anomalies may be old plate boundaries. 

Long (1974) postulates that the anomaly over the southwestern Georgia 

Coastal Plain may reflect collision or separation between old plates. 

Taylor, Zietz, and Dennis (1968) also suggested that southern Georgia 

and Florida were added to the paleocontinent in pre-Paleozoic time.

There is substantial data to suggest this interpretation. 

Taylor, Zietz, and Dennis (1968) note that Applin (1951) and Murray

(1961) have indicated that a change exists in the basement lithologies 

across the 31st parallel, using data from deep wells. Arden (1974) 

reports that deep drilling in the southeastern states has revealed 

a buried terrain of Lower Paleozoic and possibly older rocks that 

seem to have no counterpart in North America. Zietz (1975, personal 

communication) believes that continental crust is both north and 

south of the landward east-west anomaly, but that the crust is from
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two "different" continents. On the basis of faunal evidence, Wilson 

(1966) suggests that Florida was not connected to the North American 

land mass during the early Paleozoic. Cramer (1971) noted that 

Lower Paleozoic phytoplankton from northern Florida appear to 

have closer affinity with strata from western Africa than with the 

Appalachian area. Alternatively, Long and Lowell (1973) interpret 

the east-west magnetic anomaly as a narrow pre-Cretaceous, probably 

Triassic, rift zone.

In a different Interpretation, Emery and Uchupi (1972) suggest 

that the westward trending magnetic feature is unrelated to the 

East Coast Anomaly. According to Emery and Uchupi (1972) "the 

causative body of the positive East Coast Magnetic anomaly" Is a 

deep-seated ridge (about 10 km) of oceanic basaltic material nor 

mally polarized, which was emplaced during the initial stages of rift 

ing. If this interpretation is correct, there could be a series 

of east-west oriented drape structures (see Potential Hydrocarbon 

Trap section) which could be potential hydrocarbon traps.

A group of magnetic and gravity anomalies which may result 

from structural effects are located between 32° and 33° N lat. at 

about 78°40'W long, south of Cape Remain. Three prominent circular 

Bouguer positives are aligned north-south, with values of +50 to 

+70 mgals (Plate 1). These Bouguer anomalies coincide with the mag 

netic anomalies, shown on the underlain Project Magnet Map (U.S. 

Navoceano Map Series No. 5953-5958, Total Magnetic Intensity, Survey
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attitude over the oceans - 500 ft., Contour Interval 50 gamma, 

Survey years 1964-1966). A model and an east-west profile over one 

of these magnetic anomalies is shown in Fig. 14. Susceptibility 

contrasts as between granite and gabbro and a remnant magnetiza 

tion similar to the parameters determined paleomagnetically for the 

Jurassic White Mountains intrusives was used in the model. The coin 

cidence of magnetic and gravity positives agrees well with the inter 

pretation that the "Cape Romain Anomalies" are due to dense gabbroic 

intrusions in the crust.

Rabinowitz (1973) examined nineteen free-air gravity profiles 

across the United States Atlantic Margin, six of which were located 

south of Cape Hatteras. He found on all the profiles a free-air 

gravity high which corresponds almost exactly to the shelf-slope 

boundary. The topographic effect of the shelf edge and the isostatic 

compensation of the shallowing mantle for the increasing water 

depth and thick marginal sediments explains most of the free-air 

gravity high near the shelf edge (Rabinowitz, 1974). However, a 

small isostatic anomaly of approximately 40 mgal remains, perhaps 

due to dense reef rock within the sedimentary section.
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profile across prominent north-south striking positive magnetic anomaly 
off Cape Remain. Susceptibility and aagnetization values are in emu.
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3. Shallow structure of the Continental Margin

The shallow structure of the shelf and inner Blake Plateau 

has resulted from a sedimentary (carbonate) upbuilding of the area 

during Tertiary more rapid on the shelf than on the Blake Plateau. 

This is displayed best by the extensive set of single-channel 

seismic reflection profiles collected ty a U.S. Geological Survey 

- Woods Hole Oceanographic Institution joint program and reported 

by Uchupi and Emery (1967) , Emery and Zarudzki (1967) and Uchupi 

(1967, 1970). Figure 15 displays a series of these profiles at 

the north end of the area. Profiles 136 and 134 show deeper shelf 

reflectors truncated at the continental slope with progradation 

and mantling of the rise by younger sediments. These two profiles 

and profile TW 8 form a transition zone in slope structure between 

the typical shelf-slope-rise configuration found to the north and 

the shelf-Florida-Hatteras slope - Blake Plateau arrangment found 

to the south (Uchupi and Emery, 1967). In TW 8, the strata, 

as indicated by reflectors, have apparently prograded across the 

width of che Blake Plateau. The structure indicated in profile 

TW 9 is more typical of the area, with the shallow reflectors of 

the Blake Plateau dipping gently seaward, apparently having 

built up and out across this erosionaJ surface. The same pattern is 

repeated in the proviles to the south (locations shown in Fig. 

16, profiles in Fig. 17). The erosion of the Blake Plateau 

surface and the extension of this erosional surface westward
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KM FROM SHELF-BREAK

Profiles between Cape Lookout and Charleston. Profiles TW 8 and TW 9 were made by J. R. Curray 
aboard R/V Thomas Washington; note that profile TW 8 is in two sections with overlap of 15 kilometers.

Fig. 15 From Uchupi and Emery (1967, Fig. 6).
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Fig. 16 . Locations of seismic profiles shown in figure I D 2c-3, 
Jl to J6 are the JOIDES drill sites, and FB and GGS876 are wells on land, 
Line Zl (dashed line) extends from drill site Jl to J4 and from there 
eastward across the continental slope. From Uchupi (1970, Fig. 29).
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beneath the present shelf is thought to have been caused by 

scour of the Gulf Stream. The unconformity is apparently of Paleocene 

ay,*' IHIMCH on drilling and, according to LJchupi (1970), may represent 

evidence tor a time when the Gulf Stream invaded the Blake Plateau 

by way of the Straits of Florida. Uchupi (1970) further suggests 

that the erosion of the surface west of the present shelf break 

occurred before the Gulf Stream migrated to its present position. 

Subsequent outbuilding was within the Eocene and Miocene sections and 

post-Miocene (Bunce and others, 1965; Schlee, in prep.).

Contours on the inferred base of the Tertiary section and isopachs 

of supposed Tertiary deposits have been presented by Ewing, Ewing 

and Leyden (1966) and Uchupi (1967). These show considerable 

disagreement, the former authors indicate a landward dip to the 

top of the Cretaceous section and about 1500 m of Tertiary sediment 

at the shelf edge, whereas Uchupi (1967) shows a southward dip of 

the top of the Cretaceous beneath the Blake Plateau with about 

600 m of Tertiary section at the shelf edge. The discrepancy 

probably results from different choices of a reflector to represent 

the top of the Cretaceous section. This interface has never been 

drilled, but Uchupi f s choice was based on dredged Cretaceous fossils 

obtained from the surface of the Blake Plateau (Uchupi, 1975, 

oral communication). Uchupi (1970) suggests that reflector A 

(Fig. Y7 ) represents the top of the Cretaceous and that the 

irregular reflector above it in profile 80-81 may mark the top 

of the Paleocene.
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The outer shelf is characterized by a complicated pattern of 

erosion, deposition and slumping. Pilkey, Maclntyre and Uchupi 

(1971) recognized at least six such sedimentary sequences separated 

by disconformities off Cape Fear. These structures probably 

developed during the Pleistocene as a result of sea-level fluctuations 

and migrations of the Gulf Stream. Mounds, formed within this 

zone are considered probably to be produced by deep-water 

Pleistocene corals, and ridges on the outer shelf are presumed to 

have been formed by late Pleistocene calcareous algae (Zarudzki 

and Uchupi, 1968). The pattern of development varies along the shelf 

edge, as north of profile 90 (Fig. 16 ) erosion and re-covering 

by sediments has occurred, whereas profiles 90, 88, and 86 were 

eroded with no subsequent mantling of sediment and profiles 81 and 

82 show little evidence of erosion according to Uchupi (1967).

Profiles on the continental shelf and parallel to its edge 

have been presented by Uchupi (1970) and Dillon (1974). These 

profiles show a very gentle gouthwestward dip of strata away from 

the Cape Fear arch toward the Southeast Georgia Embayment.

Data collected recently in a cooperative program involving 

the U.S.G.S. and Institute Francais du Petrole has produced the 

first publicly available 24 channel CDP profiles for the U.S. South 

Atlantic Province. Preliminary processing ot these profiles shows 

a flat, apparently undisturbed sequence of reflectors, above a 

relatively featureless basement beneath the outer shelf and inner 

Blake Plateau. 

4. other Structural Features

Despite the fact that the strata of the U.S. South Atlantic
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Province generally appear undisturbed, some minor structures are present.

Although the number of identified strucutres are few, they may be important

to petroleum entrapment. Hence, they will be discussed individually. 

Contours on the 5.6 km/sec refractor (Fig. 11 )(defined as pre-

Cretaceous basement although it may include some Cretaceous rocks - 

see discussion of Southeast Georgia Embayment) show a ridge beneath 

the outer shelf between 30° and 32°N at 80°W, A similar 

feature is shown by Drake and others (1968). This ridge may have 

formed an eastern boundary to the Southeast Georgia Embayment during 

part of Cretaceous time. Antoine and Henry (1965) have suggested 

that the part of the embayment which existed at the present location 

of the state of Georgia may have also been open to the south in 

Eocene time.

Between JOIDES hole 1 and JOIDES hole 2, off the east coast 

of Florida, Emery and Zarudzki (1967) showed a broad shallow 

upwarp probably of Cretaceous strata that may underlie the middle 

part of the continental shelf (Fig.18 ). Bunce and others (1965) 

also recognized that the Tertiary units are slightly shallower at 

JOIDES hole 1 than they are on land, thus this may represent further 

evidence for a gentle fold or other structure off northern Florida. 

The feature appearing on Emery and Zarudzki's profile, occurs at 

a location where refraction data suggest a depression of "basement" 

(Fig. 11 ) so it might represent an accretionary structure (reef?) 

rather than a fold.

45



Quaternary strati 
Miocene strata 
Olifocene strata 
Eocene strata 
Paleocene strata 
Cretaceous strata

50 100 
- DISTANCE FROM SHORELINE IN KiLOMETRES

150 200

Fig. 18 - Geologic section from Florida, across Continental Shelf and 
Blake Plateau from JOIDES test holes. Note possible Upper 
Cretaceous ridge between hole 1 and 2. (from Emery and Zarudzki, 1967)
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McCollum and Herrick (1964) noted a slight arching of Tertiary 

strata off Georgia based on drilling information as shown in Fig. 19

Several other structural features have been identified by 

refraction and reflection techniques and drilling, and named the 

Yamacraw Uplift, Burton High, Stono Arch and Suwannee Channel, 

shown on Fig. 9.

Yamacraw Uplift.   Refraction seismic studies indicated to 

Meyer (1956) that in the South Carolina-Georgia area, the depths 

to pre-Cretaceous rocks (basement) were shallower than expected 

and that there was reverse dip on the pre-Cretaceous surface. 

He interpreted the above as being caused by an uplift parallel to 

the c«ast line of Georgia and South Carolina along the north flank 

of the Southeast Georgia Embayment and designated the feature the 

"Yamacraw Uplift" (Fig. Q ). Meyer (1956) reports a north-south 

trending structure offshore from Charleston, South Carolina defined 

in the 5.8 km/sec refraction velocity interface. Both this 

structure and the Yamacraw Uplift seem to intersect at Charleston, 

a region of known earthquake activity, thus, he inferred a possible 

relationship between the two structures and the seismic disturbances. 

A later more detailed seismic survey by Pooley (1960, pi. 1) con 

firmed the existence of a basement ridge about 160 km long and 

50 km wide with more than 300 m of relief that is not reflected in 

the overlying beds. He located its axis at the coastline between 

Parris Island, South Carolina, and Sea Island, Georgia. Data from 

wells drilled since 1960 at the southern extremity of -the anomaly 

do not substantiate these dimensions (Maher, 1971).
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Crumer (1974) believer; that the Yamacraw Uplift involves the basement 

and may havr been active during the Cretaceous. Cramer (1969) stated 

that it. IB impossible to tell whether the Yamacraw Uplift is a Pre- 

Cretacoous feature upon which coastal plain sediments were deposited or 

whether it formed during the Cretaceous, or both.

Burton High.   Siple (1965, p. 443) has mapped a shallow (15 m to 

30 m deep) small structural high on the Eocene-Miocene limestone 

sequences in the St. Helena Sound-Beaufort, South Carolina area which he 

designated the "Burton High" (Fig. 8). Heron and Johnson (1966 Fig. 3) 

also mapped a structural high on the Eocene Santee Limestone in the same 

vicinity although they show an arch rather than a closure trending.north 

east-southwest from 13 km Northeast of Savannah to St. Helena Sound. They 

named this the "Beaufort High". The Beaufort High dips westward to the 

"Ridgeland Basin" (Heron and Johnson, 1966) a small northeast-southwest 

trending Miocene low (Fig. 8). It is possible that the Burton High- 

Beaufort High is a shallow expression of the Yamacraw Uplift.

Stono Arch  High resolution seismic reflection surveys reveal a 

small shallow (15 m to 60 m deep) anticline trending approximately east- 

west near Charleston, South Carolina which Colquhoun and Comer (1973) 

have named the "Stono Arch" (Fig. 8). The deformed reflectors that 

appear on the seismic record are within the Oligocene Cooper Marl and 

probably the underlying Santee Limestone cf Eocene age (Colquhoun and 

Comer, 1973). These authors suggest that the Stono Arch is probably 

related to a more deeply seated basement fault.
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Suwannee Channel.  The Suwannee Channel (Fig. 8 ) (Chen, 1965; 

Jordan, 1954; Hull, 1962; Applin and Applin, 1967) is an elongated, 

structural feature in southern Georgia and northeastern Florida, 

where late Upper Cretaceous through upper Eocene rocks are abnormally 

thin and structurally low (Chen, 1965). It separates the Peninsular 

Arch from the outcropping Piedmont Precambrian (?) crystalline rocks 

and may coincide with a system of Triassic grabens which exhibited 

intermittent downward movement during Cretaceous and Tertiary time 

(Rainwater, 1971). In the area of the Suwannee Channel, a facies 

change takes place between clastic rocks to the north and carbonate 

rocks to the south (Chen, 1965; Applin and Applin, 1967). Cramer 

(1974) summarizes Applin and Applin's (1967) explanation for the 

origin of the Suwannee Channel:

"The current explanation is that there was Upper Cretaceous 
arching, trending northeast-southwest, in what is now 
the saddle area, which resulted in thinner deposition over 
the arch, and a different sedimentary regimen established 
on either side. The arched area later became a relatively 
low area due to uplift to the north and to the south; 
the relatively low area than became the Suwannee Strait, 
or, to avoid the oceanographic inference, the Suwannee 
Saddle, to provide a structural connotation."

The theory of Chen (1965) has oceanographic inferences in that 

"the Suwannee Channel was a bathymetric depression and a natural 

barrier, both sedimentational and ecologic, during late Cretaceous 

and Early Tertiary time".
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Chen (1965, Figs. 41-44) infers minor ocean currents and littoral 

drift passing through the Suwannee Channel from the Gulf of Mexico 

to the Atlantic Ocean during Paleocene and Eocene time. This may 

also have been the case during the late Cretaceous time, and may 

have had an effect on late Cretaceous-late Eocene sedimentation in 

the Southeast Georgia Embayment.
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0 . Stratigraphy

The Southeast Georgia Embayment lies in a transitional zone 

between a predominantly clastic depositional province north of 

Cape Hatteras and a carbonate province which includes Florida and the 

Bahamas. A summary geologic columnar section and a table of strati- 

graphic units and their Gulf Coast equivalents for the Southeast 

Georgia Embayment are shown in Figures 20 and21. More than 400 wells 

have been drilled in Georgia and Florida, some of which reached base 

ment rocks, and a few wells have been drilled in the Bahamas area, 

Geologic cross sections are shown in sections A-B and C-D (Fig. 22 

and 23). In the offshore area, in addition to taking short cores, 

a few test holes have been drilled by the JOIDES program several 

hundred feet into the continental shelf off Georgia and Florida, but 

no well has been drilled offshore which penetrated pre-Tertiary strata. 

There are at least 2,800 m of sediments and possibly as much as 5,500 m 

of sedimentary rocks in the offshore basin beneath the Blake Plateau 

out to the 600 m water depth (Fig. 24 )- The basement ridge at the edge 

of the shelf, if it does exist, does not appear to have as great an 

influence on the distribution and thickness of the basin sediments as 

it does for the Baltimore Canyon Trough. It is likely that up to 

4,000 m of Lower Cretaceous and Jurassic sedimentary rocks are present 

beneath the embayment. 

1. Pre-Triassic

All available data indicate that the crystalline basement rocks 

beneath the Coastal Plain and adjacent continental shelf of southeastern 

United States are similar to those exposed in the Appalachian Piedmont
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province. The basement rocks of North Carolina, South Carolina, 

and northern Georgia are granites, gneisses, schists, and other 

igneous and metamorphic rocks. They are mostly early Paleozoic and 

late Precambrian in age (Spivak and Shelburne, 1971). Wells in 

southern Georgia and northern Florida encountered sandstone and 

shale of Ordovician to Devonian age (Applin, 1951, Rainwater, 1971). 

The generalized distribution of pre-Cretaceous rocks beneath the 

Georgia-Florida Coast Plain area is shown in Figure 25. 

2. Triassic

The Triassic deposits of eastern North America consist of 

non-marine arkoses, sandstones, shales, basic flows and diabase 

intrusions, and are exposed from northern South Carolina to Nova 

Scotia in NE-SW trending narrow grabens downfaulted in the basement 

rocks of the Piedmont (Fig. 26). Marine and Siple (1974) have 

described a buried Triassic basin in the Savannah River area of South 

Carolina and Georgia. Similar Triassic filled grabens are thought 

to exist beneath the Coastal Plain (Bonini and Woolard, 1960), 

Marine and Siple, 1974, Scott and Cole, 1975, Fig. 1). Sedimentary 

rocks of probable Late Triassic age have been penetrated in several 

wells in northern Florida and southern Georgia (Rainwater, 1971, 

Marine and Siple, 1974, Fig. 1 ). The Stanolind Oil and Gas Co. 

No. 1 J. H. Pullen, Mitchell County, Georgia penetrated approximately 

305 m of fine grained arkosic sandstone and red and green shale 

[basement (?)] from wells in Mitchell and Echols counties Georgia 

indicate an Upper Triassic age (Milton and Qrasty, 1969).
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Fig. 25 - Possible pre-Cretaceous subcrop map. (modified from 
Rainwater, 1971, and Marine and Siple, 1974).
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It is likely that Triassic basins also exist beneath the inner 

continental shelf, because the same tectonic setting and the same 

type of basement would have existed in the present shelf area as in 

the area where known basins developed. Furthermore, sediment sources 

and depositional environments would be anticipated to have been similar 

in this probably upwarped region, where continental rifting was beginning 

to take place. 

3. Jurassic

Rocks of late Jurassic age do not crop out in eastern North 

America. In North Carolina, the ESSO-Hatteras

Light 1 well penetrated 280 m of possible Late Jurassic (or Early 

Cretaceous) rocks which Maher (1971) describes as finely crystalline, 

partly oolitic limestone and gray shale beds grading downward to red 

and green sandy conglomerate and arkose at the base. The lower part 

of this section is considered to be continental (Brown, Miller, and 

Swain, 1972) and rests on pre-Cretaceous "granite". The occurrence 

of Schluleridea cf. S_. acuminata in the upper part of this section 

suggest to Brown, Miller, and Swain (1972) a correlation with the 

Cotton Valley Group of the Gulf coast. Successively younger Mesozoic 

rocks abut the basement updip from the Hatteras Light well. Applin 

and Applin (1965) designated a Late Jurassic (?)-Early Cretaceous 

(Neocomian) unit penetrated in the Amerada No. 2. Cowles well (St. 

Lucie Co., Fla) as the "Fort Pierce Formation". This type section 

includes 677 m of dolomite, oolitic limestone, anhydrite, and shale 

with a basal arkosic sand overlying metamorphic (Precambrian?)
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basement. The formation has been penetrated by six deep wells in 

southern Florida, and it pinches out in a northward direction (updip) 

about 65 km south of Cape Canaveral (Maher, 1971). Meyerhoff and 

Hatten (1974) included the Fort Pierce Formation as the oldest unit 

in their "Marquesas Super-Group" which also includes other formations 

of either Early Cretaceous or Late Jurassic age or both in the Florida- 

Cuba-Bahamas area. Also included in this grouping are rocks of Trinity, 

Fredericksburg, and Washita age (Comanche Series - Lower Cretaceous), 

i.e., all strata to the Lower-Upper Cretaceous unconformity. The 

Chevron No. 1 Great Isaac well in the northwestern Bahamas reportedly 

penetrated this group in its entirety but thicknesses are not available. 

It has been reported that the well reached total depth in Jurassic carbonate 

overlain by 328 m of black, marine Jurassic (?) shale and that the 

Marquesas resembles that of wells in Southern Florida (Meyerhoff and 

Hatten, 1974).

Other formations assigned to this supergroup are the Glades Group, 

Punta Gorda Formation, Ocean Reef Group, Sunniland Limestone, Lake 

Trafford Formation, Dollar Bay Formation, Big Cypress Group, Naples 

Bay Group, "Andros Long Island" and "Cay Sal IV-1" facies and Cayo 

Coco, Perros, and Palenque formations of Cuba. These formations are 

all predominantly carbonate, with limestone more abundant than dolo 

mite, along with lesser amounts of anhydrite ar.d shale (Meyerhoff and 

Hatten, 1974). 

4. Cretaceous

The Upper Cretaceous rocks of Georgia and Florida (Gulf Series)
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are separated from the Lower Cretaceous and older rocks by a major 

regional unconformity.

The Cretaceous system in the Gulf Coast region is divided into the 

Comanche and Gulf Series. For practical purposes, the Comanchean is 

considered by most geologists to be Lower Cretaceous, and Gulfian to 

be Upper Cretaceous (Murray, 1961).

Lower Cretaceous. The Comanche Series is subdivided into three 

groups: Trinity, Fredericksburg, and Washita. Comanchean rocks do 

not crop out along the coastal plain from Florida to North Carolina 

although they may be at or near the surface in North Carolina and 

western Georgia, but are indistinguishable from the overlying Upper 

Cretaceous rocks which are lithologically similar. Lower Cretaceous 

beds dip seaward from the Fall Line at rates from 3 mAm to 11 m/km 

(Maher, 1971). The Lower Cretaceous is approximately 1,500 m thick 

near Miami, Florida, and thins northward until it pinches out on the 

Peninsular Arch (Maher, 1971; Rainwater, 1971). In south Florida, 

shallow water marine limestones and dolomites with beds of anhydrite 

make up the principal lithologies. East of the Peninsular Arch in 

northern Florida and coastal Georgia, the Lower Cretaceous rocks are 

thin (30 m - 90 m) nonmarine elastics made up of arkosic unconsolidated 

sandstones and varicolored clays which were deposited on a broad, flat 

coastal plain (Rainwater, 1971; Brown, 1974; Herrick and Vorhis, 1963). 

The main depocenter for Lower Cretaceous strata in Georgia was the 

southwestern part of the state where as much as 1,100 m may have been 

deposited (Herrick and Vorhis, 1963). During this time, the northern
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part of the Peninsular Arch was a positive feature exposed to subaerial 

processes, and probably contributed elastics to the Florida-Georgia 

coastal plain. Preliminary work by Brown (1974) suggests that fossili- 

ferous beds, now included in the lower member of the Atkinson Formation 

of Gulfian age, may, at least in part represent a brackish-water facies 

of Comanchean age.

Rocks of Lower Cretaceous age are absent, or very thin, in South 

Carolina. Siple (1965, Fig. 2; 1967, Fig. 1) identified rocks 

of Early Cretaceous (Comanchean) age from a deep water well in the 

Parris Island - Beaufort, South Carolina area. Brown (1973, oral 

comm.) in Olson (1973) reported that a well drilled on Seabrook Island 

(Charleston County) in 1972 to a depth of 822 m contained sediments of 

suspected Washita or Fredericksburg age equivalents in the bottom core 

samples. Lower Cretaceous rocks are missing from the higher parts of 

the Cape Fear arch except for the thin Cape Fear Formation below a 

regional unconformity, but thicken northward to 853 m at Cape Hatteras. 

In coastal North Carolina, Brown, Miller, and Swain (1972) describe 

the Lower Cretaceous as being a marine section made up of red and green 

shales, fine to medium grained sands, and sandy limestones containing 

oolitic lenses.

The four samples of Early Cretaceous rocks dredged from the Blake 

Escarpment at depths from 2,374 m to 4,747 m (Heezen and Sheridan, 1966) 

indicate the area was a shallow carbonate bank then. The lower two 

samples were algal calcarenite and algal dolomitic calcarenite, both 

were assigned an age range of Neocomian to Aptian. The upper two samples
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  oolitic, fragmental calcarenite suggest a shallower water environ 

ment of deposition than the upper calcilutite samples (Heezen and 

Sheridan, 1966).

On the continental shelf off southern Georgia and Florida, there 

may be a wedge of Lower Cretaceous clastic rocks (Scott and Cole, 

1975, Fig. 7) similar to that under the North Carolina coastal plain 

as suggested by Rainwater (1971). Judging by the rate of thickening 

onshore and the scattered seismic profiles offshore, 4,000 m of 

Lower Cretaceous-Jurassic sediments are expected in the Blake Plateau 

trough (to the 600 m water depth) and 1,100 m of Lower Cretaceous-Jurassic 

sediments are expected out to the 200 m water depth.

Upper Cretaceous. The Upper Cretaceous Gulf Series is subdivided 

into five stages. They are, in ascending order: Woodbine, Eagle Ford, 

both of which are represented by the Atkinson Formation in Florida, 

Austin, Taylor, and Navarro (Lawson Limestone of Florida). The Gulf 

Series in the subsurface is divided into four stratigraphic units: 

The Atkinson Formation (oldest), Austin-age strata, Taylor-age strata, 

and rocks of Navarro age (Lawson Limestone). The Atkinson is a shallow- 

water marine deposit composed of dark, fossiliferous shale, sandstone, 

and interbedded limestone. The unit is the downdip equivalent of the 

litioral to nonmarine Tuscaloosa Formation. The Austin strata are mostly 

chalky limestones while two regional facies occur in rocks of Taylor age: 

a carbonate facies occupies the Florida Peninsula and a highly variable 

clastic facies occurs in northern Florida and southern Georgia. Two 

facies are also present in the strata of Navarro age: the Lawson
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Limestone of southeast Georgia and the Florida Peninsula, and an 

updip clastic facies equivalent. The Gulf Series in south Florida 

and the Bahamas is represented by the Pine Key Formation a chalky 

limestone. The Pine Key grades into the Atkinson-Lawson strata to 

the north and becomes the Card Sound Dolomite to the south in the 

Florida Keys and Bahamas (Applin and Applin, 1965).

Upper Cretaceous rocks crop out at the Fall Line in Alabama 

and extend to almost the shoreline near Cape Fear. The rocks dip 

seaward from 2 m/km near the Fall Line to more than 6 m/km at the 

coast (Maher, 1971). Upper Cretaceous rocks are approximately 853 m 

thick near Miami, Florida, and are composed almost entirely of marine 

carbonates (Maher, 1971). In northeast Florida and southeast Georgia, 

the dominant lithology is chalky fossiliferous shallow water marine 

limestone and dolomite approximately 600 m thick near the coast 

(Cramer, 1974; Maher, 1971). Northward, Upper Cretaceous rocks are 

non-marine to marginal marine Appalachian-derived sandstones and shales 

with minor amounts of carbonate and lignitic material (Brown, Miller, 

and Swain, 1972; Olson, 1973; Cramer, 1974). Rocks of Upper Cretaceous 

age thin (from a few metres to approximately 400 m) near the shore on 

the Cape Fear Arch, but reach a thickness of about 950 m at Cape 

Hatteras (Maher, 1971). Although the Upper Cretaceous thins over the 

Cape Fear Arch, the Navarro Stage thickens, suggesting that the arch 

was a structural depression during late Upper Cretaceous time (Swift 

and Heron, 1969).
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In general, the Upper Cretaceous rocks thicken downdip from 

terrigenous sands and shales to more marine chalks, limestones, 

and dolomites. The offshore portion of the Southeast Georgia 

Embayment is probably almost entirely shallow water carbonates 

with the possible exception of late Upper Cretaceous fine elastics 

brought there by way of the Suwannee Channel (see section on 

Structure).

Submarine outcrops of Late Cretaceous age are known from 

the Blake escarpment and along the continental slope near Cape 

Hatteras (Maher, 1971). A bottom core sample of Cenomanian age 

(Woodbinean) lutite was recovered from the Blake Escarpment in 1,745 

m of water off central Florida (Ericson and others, 1961).

The Upper Cretaceous rocks will probably maintain a fairly con 

stant thickness of about 600 m for the OCS Southeast Georgia Embayment 

and the Blake Plateau. 

5. Cenozoic

Cenozoic rocks range in thickness from 1,300 m under Miami, Florida, 

to 76 m on the Cape Fear Arch, to 900 m at Cape Hatteras (Maher, 1971). 

Offshore, Cenozoic rocks will range in thickness from 600 m to 1,100 m. 

In general, the Tertiary rocks are predominantly shallow water marine 

carbonates in Florida, grading northward into a marginal marine to marine 

clastic facies composed of sands, marls, and limestones. From Late Cre 

taceous to Late Eocene time, the clastic and non-clastic facies boundary 

was separated by the Suwannee Channel and has shifted northward through 

time (Chen, 1965).
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Offshore, Tertiary rocks have been penetrated by five test 

holes within or in close proximity to the Southeast Georgia Embayment. 

Two were drilled at one site by the U. S. Coast Guard about ten miles 

offshore from Savannah Beach, Georgia (McCollum and Herrick, 1964) 

(Fig. 19). Three wells were drilled by the JOIDES program from 40-120 

km offshore Jacksonville, Florida in water depth from 25-190 metres 

(Bunce and others, 1965) (Fig. ^8 ). Most of the Tertiary units 

recognized on land continue beneath the shelf with similarity between 

Tertiary and recent depositional environments, suggesting that the 

continental margin has slowly subsided (Bunce and others, 1965).

Paleocene. The Paleocene rocks in peninsular Florida and most 

of southern Georgia are principally dolomites and anhydrites deposited 

on a slowly subsiding shelf with restricted ocean circulation (Rainwater, 

1971). In Georgia, calcareous sandstone and claystones updip grade down- 

dip to sandy carbonate rocks (Spivak and shelburne, 1971). In the Caro- 

linas, there is less carbonate and more shale and sands with a high 

percent (10-90) of glauconite (Brown, Miller, and Swain, 1972; Spivak 

and Shelburne, 1971).

Eocene. In peninsular Florida and most of coastal Georgia and 

South Carolina, fossiliferous limestone and dolomite, with a small 

amount of sands and silts, make up the Eocene rocks (Cramer, 1974; 

Rainwater, 1971; Chen, 1965; Spivak and Shelburne, 1971). In North 

Carolina, the lithologies are mostly glauconitic sands, siltstones, 

calcareous sands and limestones (Brown, Miller, and Swain, 1972). Most 

of the Eocene rocks were deposited in shallow open-sea to restricted

68



marine environments (Rainwater, 1971). Offshore Georgia, the upper 

Eocene is a highly fossiliferous limestone (McCollum and Herrick, 1964). 

The middle and late Eocene off Jacksonville, Florida, is composed of 

calcareous oozes, calcarenites, dolomitic calcarenites, and dolomites 

very similar to the Ocala Limestone and older units of the Eocene on 

land (Bunce and others, 1965; Schlee, in prep.).

Oligocene. The Oligocene crops out in patches from Florida to 

South Carolina and is generally less than 60 m thick in the subsurface 

from coastal Florida to Cape Hatteras. The rocks are limestones in 

Florida and Georgia and grade northward to sandy limestone, shale, 

and sandstone (Spivak and Shelburne, 1971). Late Oligocene uplift 

of the Peninsular arch resulted in the removal of Oligocene rocks in 

the extreme southeast Georgia and northeast Florida (Cramer, 1974). 

Offshore Georgia, the Oligocene is composed of fossiliferous limestone, 

sandy limestone, and limey sand (McCollum and Herrick, 1964). Offshore 

Jacksonville, Florida, calcareous oozes make up the Oligocene (Charm, 

Nesteroff, and Valdes, 1970), though the main locus of deposition appears 

to be the upper slope (Schlee, in prep.).

Miocene. Marine to marginal marine sandy limestones and phosphatic 

sandstones in Florida (Rainwater, 1971) grade northward to sandy limestones 

and shales in North Carolina (Spivak and Shelburne, 1971). During middle 

Miocene time, parts of the Florida peninsula were emerged for the first 

time since early Late Cretaceous (Rainwater, 1971). The Miocene deposits 

offshore Georgia and Florida consist of sandy clays (McCollum and Herrick, 

1964; Charm, Nesteroff, and Valdes, 1970).
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Plio-Pleistocene. Marginal marine to non-marine clayey-sands, 

sands, and gravel make up the post-Miocene sediments from Florida 

to North Carolina (Brown, 1974; Brown, Miller, and Swain, 1972; 

Spivak and Shelburne, 1971). Sands, silt, and clay also make up 

the offshore sediments (McCollum and Herrick, 1964; Charm, Nesteroff, 

and Valdes, 1970).
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E. Geologic History

The foregoing discussions on structure and stratigraphy provide 

the foundation for the following summary of the evolution of the 

United States South Atlantic continental margin.

Based on current interpretations of plate tectonics theory, 

the present overall structural-sedimentary framework of the United 

States continental margin is a result of a collision of the North 

American and African continental plates during Late Paleozoic time 

and later modification during Late Triassic time when the continental 

plates separated, forming the present Atlantic Ocean (Pitman and 

Taiwan!, 1972; Mattick and others, 1974).

An earlier Atlantic Ocean closed in the late Paleozoic when 

the North American plate collided with the African plate (Wilson, 

1966). Basement rocks presently beneath the Atlantic Coastal Plain 

and Continental Shelf were part of the crystalline Appalachians 

(Olson, 1974). Most of the deformation of the crystalline basement

rocks beneath the present day Coastal Plain and continental shelf
  

probably resulted from lateral compressional forces and vertical

upwarps caused by the closing of the old Atlantic. Brown, Miller, 

and Swain (1972) concluded that the geometry of the structural- 

sediment framework of the coastal plain is associated predominantly 

with the action of lateral compressional forces and that the vertical 

forces operative in the region are chiefly the resultants of "compres 

sional stress".

During Late-Triassic time, a regional uplift simultaneously affected
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the whole area of the United States Atlantic continental margin 

(Mayhew, 1974; Olson, 1974). Block faulting associated with the 

uplift involved partial rejuvenation of Paleozoic fault patterns 

(Mayhew, 1974). Regional uplifting was initiated by subcrustal 

intrusions of hot mantle material which caused a series of rift 

valleys to develop with trends roughly parallel with the present 

Continental Rise (Olson, 1974). This was the site of a major rift 

system and the upwelling plume of a hypothetical convection cell 

which later formed the Mid-Atlantic Ridge (Talwani, LePichon, and 

Ewing, 1965). The environment was probably similar to that of the 

present Red Sea. Extensive evaporite deposition occurred in Late 

Triassic-Early Jurassic rift valleys in the Gulf Coast (Louann eva 

porite sequence), the Scotian Shelf, and the Grand Banks. The Balti 

more Canyon trough may also contain salt deposits at the base of the 

sedimentary section as suggested by Mattick and others (1974). Rona 

(1970) has suggested that salt of Jurassic age should lie seaward of 

Cape Hatteras. The evaporite sequence may underlie the Bahamas as 

suggested by seismic evidence (Sheridan, 1974) and the presence of 

diapiric structures in Exuma Sound (Ball and others, 1971). According 

to Olson (1974), the Blake Plateau may also be underlain by bedded salt,

During Late Jurassic time, the Central Atlantic Ocean widened, 

allowing more normal seawater to circulate in a Mediterranean type sea 

between North America and northwestern Africa (Olson, 1974). This sea 

was longer and narrower than the Persian Gulf geosyncline of the same 

age (Olson, 1974), and was bounded on the south by northern.South

72



America which did not separate from Africa until about 110 m.y. 

B.P. (Larsen and Pitman, 1972). Evaporite deposition gave way to 

carbonate sedimentation on the subsiding continental margin. Near 

the end of Jurassic time, a ridge beneath the outer Blake Plateau 

may have existed and served as a dam behind which terrigenous sedi 

ments accumulated (Emery and Uchupi, 1972). The ridge could have 

provided an excellent environment for the development of platform, 

fringing, and/or patch reefs, or possibly a huge barrier reef similar 

to that off eastern Australia (U.S.G.S., 1975). Carbonate sedimenta 

tion continued throughout the Cretaceous on the shallow relatively 

stable continental margin of the United States south of Cape Hatteras. 

Reefs continued to flourish until mid-Cretaceous time when reef 

accretion in the Bahamas slowed down (Emery and Uchupi, 1972).

During mid-Cretaceous time, the ridge along the Atlantic continental 

margin no longer was an effective sediment barrier as sediments began 

to flow over it, and the Continental Slope had developed to nearly its 

present morphology (Emery and Uchupi, 1972). The Blake Plateau gradually 

subsided, and by Late Cretaceous or early Cenozoic time, bathyal conditions 

prevailed over the Blake Plateau as the Gulf Stream extended its course 

northward (Emery and Uchupi, 1972). By the end of Late Cretaceous time, 

approximately 60 percent of the Atlantic continental drift between 

Africa and North America had taken place (Pitman and Talwani, 1972).

Throughout most of Tertiary time, the United States southern 

Continental Shelf continued to subside, although at much slower rates 

than the Gulf Coast. The basement has subsided in some places as much 

as 10-12 km (Sheridan, 1974). Deposition has generally kept pace with
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subsidence creating a shallow water environment of deposition 

throughout most of the Mesozoic and Cenozoic. A major regression 

in which the shoreline may have retreated to the present shelf 

edge occurred during the Oligocene and the Pliocene (Emery and 

Uchupi, 1972). During these lower stands of sea level, sediments 

were prograded across the Continental Shelf.

Since the Late Cretaceous, the remaining 40 percent of the 

continental drift between Africa and North America has taken place 

(Pitman and Talwani, 1972) moving the United States East Coast 

to its present position.
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III. Petroleum Geology

A discussion of the petroleum geology of the Southeast Georgia 

Embayment should be centered around the main factors which appear to 

control the occurrence of oil and gas. These factors are: (1) 

timely development of effective hydrocarbon traps and (2) the depo- 

sitional environment that controls the formation of source rocks and 

reservoir rocks.

Because no deep wells have been drilled on the U.S. Atlantic 

Continental Shelf and because of the paucity of seismic information, 

these factors can only be judged subjectively from data on wells drilled 

along the coast and from analogies to similar provinces where the 

geology is better known. ^

A logical starting point for the discussion of petroleum geology 

then will be a brief discussion of the results of drilling along the 

Atlantic continental margin. This will be followed by a geological 

comparison of the Southeast Georgia Embayment to other provinces and 

then by a discussion of potential hydrocarbon traps. Finally, we will 

attempt to extrapolate well data seaward from coastal wells, southward 

from the Cape Hatteras area, and northward from the Bahamas in order to 

comment more specifically on depositional environments by geologic age 

and their influence on potential source rocks and reservoir rocks.
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A. Drilling on the Atlantic Margin

Except for shallow core holes, there have been no wells drilled 

on the United States Atlantic Continental Shelf. If, however, we 

consider the Atlantic Continental margin of the United States and 

Canada, numerous deep wells have been drilled. These include about 

100 wells off Canada mostly on the Scotian Shelf; four wells deeper 

than 4,420 m in the Bahamas; about 50 wells in North Carolina (Richards, 

1967) including a 3,064 m deep well drilled on Cape Hatteras only 35 

km west of the Continental Slope; 11 wells in South Carolina (Olson, 

1973); 148 wells in Georgia (Pickering, 1974); and many wells on the 

Atlantic and Gulf coasts of Florida.

As to the results of this drilling: to date on the Scotian Shelf, 

six small discoveries have been made all within 50 km of Sable Island, 

and mostly from Cretaceous sands associated with salt-dome-related 

structures (Sherwin, 1975; Schlee and others, 1975). Hydrocarbon shows 

have been reported in wells in southern Georgia along with a few oil 

seeps in central Georgia. The J. R. Sealy No. 3 Spindle Top in Seminole 

County reported oil and gas shows and the Sealy No. 1 Fee in Decatur 

County tested a small amount of gas. A Carpenter Oil Company well in 

Coffee County and the Parsons and Hoke No. 1 Spurlin reported oil shows 

in the form of staining and fluorescence. Seeps and shows have been 

reported in the vicinity of Scotland in Telfair County where 30° API 

gravity oil and gas escape from surface sands and clays of probable 

Oligocene age (Maher, 1971). In northern Florida, the St. Mary's 

River Oil No. 1 Milliard Turpentine in Nassau County was reported to
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have questionable asphaltic staining in the Cedar Keys Limestone 

(Paleocene) , Taylor-age limestone and Atkinson Formation (Upper 

Cretaceous). On the Gulf coastal province of Florida, eight small 

fields have been discovered in the South Florida Embayment 

and large hydrocarbon discoveries have been made in the Jurassic at 

Jay Field in northwest Florida with reserves estimated in excess of 

345 million bbls (McNabb, 1975).

In summary, we see that although discoveries have been made on 

the Scotian Shelf off Canada and on the Gulf coast of Florida, in 

the immediate vicinity of the Southeast Georgia Embayment, no commer 

cial production of oil and gas has been established. The lack of 

production in the South Atlantic coastal province has been explained 

by many reasons. For coastal North Carolina and Georgia, the sedimen 

tary section is probably too continental. For South Carolina, the 

basement is at a relatively shallow depth. The reasons for the poor 

production history for the Atlantic Coast of Florida could be lack of 

effective porosity and permeability, lack of source beds, lack of 

sufficient subsurface temperature needed to transform organic molecules 

into petroleum and even the difficulty of seismic exploration (Reel and 

Griffin, 1971). Whatever the reasons for the lack of oil and gas 

production onshore, there seems to be a general consensus that the 

southern U. S. Atlantic offshore will be better.
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B. Geologic Analogies

As noted by Rouse (1971), "it is hard to find a seaboard or 

offshore producing area comparable to the Atlantic province". The 

Cape Hatteras-to-Bahamas offshore area has been compared by Olson 

(1974) to the Tampico Embayment of Mexico and the Saudi Arabian side of 

the Persian Gulf. Although this comparison is attractive, the justi 

fication is questionable. According to Dickinson (1974), "the tremen 

dous accumulation of petroleum in the Persian Gulf province is 

attributed to its location near the platform edge of a rifted-margin 

prism in the correct position to catch fluids driven updip out of the 

prism by partial subduction along a late Cenozoic suture belt". In 

this respect, the tectonic history of the Southeast Georgia Embayment 

area is not comparable to the tectonic history of the Persian Gulf. 

In addition, Halbouty and others (1970), classify the Arabian platform 

and the Tampico embayment as type IV basins characterized by one or 

more troughs along the margins of continents that open into "small 

ocean basins". Whereas the Southeast Georgia Embayment is classified 

by these authors as a type V basin characterized by a stable coastal 

basin that represents the end phase of cratonic-rift basins, where sea- 

floor spreading probably separated or pulled apart the initial rift 

basins to oceanic proportions.

In terms of hydrocarbon potential, type IV and type V basins differ 

significantly. According to Halbouty and others (1970), type IV basins 

"are among the richest hydrocarbon-bearing basins of the world" with an 

average estimated recovery of oil of approximately 48,000 barrels per 

cubic kilometre of sediments; in contrast, the average estimated recovery
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of oil per cubic kilometre of sediment for a type V basin is 4,300 

barrels. Halbouty and others (1970) list only one type V basin with 

giant fields - the Cabinda Embayment of Angola-Congo (Fig. 27   The 

two giant fields are Cabinda "B" with estimated reserves of 1.2 billion 

bbls and Emeraude Marin with estimated reserves of 500 million bbls. 

Both fields are anticlines on the continental shelf and produce from 

sandstones. Cabinda "B" produces from the Cretaceous and Miocene from 

an average depth of 3,000 m. Emeraude Marine produces from the Tertiary 

at depths of about 600 m. Although the Southeast Georgia and Cabinda 

Embayments are both type V basins, this may not be a valid comparison 

because the Southeast Georgia Embayment is predominantly a carbonate 

province with a thin, possible non-prospective Tertiary section.

The Southeast Georgia Embayment might be compared to the Senegal 

Basin on the northwest coast of Africa, The pre-continental drift 

reconstruction of Bullard and others (1965) places the Senegal Basin 

opposite the Southeast Georgia Embayment (Fig. 28)  According to 

Rona (1970, Fig. D t the opposing continental margins of Cape

Hatteras and of Cape Blanc (just north of the Senegal Basin appear sym 

metrical with respect to late Precambrian, Paleozoic, and Mesozoic 

tectonic frameworks and early and middle Paleozoic, Mesozoic, and Ceno- 

zoic stratigraphic frameworks. Rona (1970) noted that:

"Mesozoic and Cenozoic mean rates of subsidence and 
sequences of gross lithology generally correlate 
between the opposing continental margins and the 
adjacent ocean basin indicate that the continental 
margins have behaved as if vertically, as well as 
horizontally, coupled to the ocean basin."
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Fig. 21 Hydrocarbon basin classification with list of basins containing
the worlds giant oil and gas fields, (from Halbouty & others, 1970)
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Fig. 28 - Position of continents during Jurassic time 
(170 m.y.B.P.). (after Briden, Drewry, and 
Smith, 1974).
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Rona (1970) further states that "geologic characteristics relevant 

to the occurrence of petroleum" might be predicted between the opposing 

continental margins. If this is indeed true, then we might expect that 

disappointments in petroleum exploration similar to those experienced in 

the Senegal Basin (see Ayme, 1965) could occur in the Southeast Georgia 

Embayment.

On the basis of geographic proximity and similarity of depositional 

environments, the authors of this paper believe that, in terms of 

petroleum geology, the most realistic analogy to the Southeast Georgia 

Embayment is the South Florida Embayment located predominantly in the 

southern part of Florida between the Peninsular Arch, the Bahama Islands, 

and Cuba (Fig. 8). The following brief description of the stratigraphy 

and lithology of the South Florida Embayment is taken mainly from Winston 

(1971) (Fig. 29).

Approximately 4,500 m of Jurassic (?) through Pleistocene rocks have 

been penetrated in the South Florida Embayment. The 550 m of Jurassic(?)*- 

Lower Cretaceous (Neocomian) rocks (Fort Pierce Formation) that have 

been drilled consist of a clastic transgressive facies near the updip 

wedge-out overlain by limestone and dolomite. Lower Cretaceous rocks 

(approximately 1,800 m thick) consist of numerous imcomplete cycles of 

limestone dolomite, and anhydrite (Fig. 30 ). Effective porosity is mainly 

in the dolomite and only occasionally in the limestone. Upper Cretaceous 

rocks (about 800 m thick) are chalk, except near the southeast coast of 

Florida and toward the Bahamas where dolomite (Card Sound Dolomite) 

becomes the principal lithology. Tertiary rocks (approximately 1,500 m 

thick) are chiefly limestones and dolomite with numerous anhydrite
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Eight small fields have been discovered in the South Florida 

Embayment (Fig. 29) , none of which will recover more than 15^35 

million bbls of oil (Meyerhoff and Hatten, 1974). The cumulative 

production was approximately 28 million bbls of oil by the end of 

1972. Production is from several facies of porous Lower Cretaceous 

(Trinity) carbonate rocks at a depth of approximately 3,550 m 

(Winston, 1971). Producing traps in the South Florida Embayment 

are chiefly stratigraphic, however, two small closed local structures 

with low relief have been outlined by drilling (Winston, 1971).

A comparison of the above rock lithologies from the South Florida 

Embayment with those of the Southeast Georgia Embayment (see strati- 

graphic section of this report), indicates that both embayments have 

had similar depositional environments shallow water carbonates with 

some anhydrites (Lower Cretaceous and Paleocene) which were deposited 

on a slowly subsiding shelf without major interruptions from Jurassic 

through Upper Cretaceous time. Both embayments even have the same 

relative thickness of stratigraphic units a thick Lower Cretaceous 

section with a relatively thin Upper Cretaceous section. The differences 

in the stratigraphy of the two embayments are: (1) the Tertiary section 

of the South Florida Embayment is somewhat thicker, (2) whereas the 

Upper Cretaceous rocks are chiefly chalk in the South Florida Embayment, 

these age rocks are chiefly limestones with some elastics in the 

Southeast Georgia Embayment and (3) there is probably less anhydrite 

in the Paleocene section of the Southeast Georgia Embayment than in 

similar age rocks of the South Florida Embayment.
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In summary, the depositional environment and tectonic history 

of both the Senegal Basin and especially the South Florida Embayment 

appear to be similar to the Southeast Georgia Embayment; the hydro 

carbon potential of the Southeast Georgia Embayment and the South 

Florida Embayment may be similar. The following discussion on 

potential traps in the Southeast Georgia Embayment could equally be 

applicable to the South Florida Embayment.
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C. Potential Hydrocarbon Traps

Hydrocarbon traps can be classified into three categories: (1) 

stratigraphic traps, (2) structural traps, and (3) combination 

traps a combination of both structural and stratigraphic traps. 

Most producing traps are probably of the third type. Stratigraphic 

traps will probably be numerous in the Southeast Georgia Embayment, 

however, drape structures and low relief anticlines could provide 

substantial structural traps.

1. Stratigraphic Traps

Stratigraphic traps associated with facies changes. The facies 

change between downdip marine carbonates and updip marginal marine 

elastics may provide potential stratigraphic traps. This type of 

trap could occur along depositional strike as the predominantly 

carbonate section in the Bahamas grades northward into the 

predominantly clastic section of the Carolinas. Probably the best 

location to explore for these purely stratigraphic traps would be 

off the coast of southern Georgia.

Stratigraphic traps in carbonate sediments. Significant lateral 

variations in porosity and permeability may occur within the thick 

marine carbonates of Jurassic and Cretaceous age. Winston (1971) 

discusses this type of stratigraphic mechanism in the South Florida 

Embayment.
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"Another oil productive facies (Roberts Zone) 
[Sunniland Limestone] consists of very fine 
grained skeletal limestone containing inter- 
granular porosity. Within the favorable trend, 
this lithology becomes progressively finer- 
grained updip until low permeability prevents 
further oil migration. This change in pore 
size, and the related loss of permeability 
to oil forms the trap at Felda field and 
influences entrapment at West Felda field."

Updip pinchouts. Updip pinchouts of Jurassic and Cretaceous 

clastic units, especially in the near-shore area off the coast 

of South Carolina and North Carolina, offer possibilities 

for stratigraphic traps.

Reefs. Carbonate banks and reef traps may be developed on 

the Florida-Hatteras Slope and on basement highs, such as the Cape 

Remain anomaly (Plate 1).

Unconformities. Unconformities have been suggested as possible 

hydrocarbon traps in the Southeast Georgia Embayment (Maher, 1971; 

Spivak and Shelburne, 1971; Olson, 1973). According to Maher (1971):

"Numerous unconformities subdivide the Coastal 
Plain deposits, but only a few extend far enough 
downdip and laterally to be important as avenues 
of migration or loci of hydrocarbon traps. However, 
these few may have provided excellent opportunities 
for the accumulation of petroleum in both secondary 
stratigraphic and combination traps."

There are possible unconformities separating sequences assigned 

to Late Jurassic or Early Cretaceous (Neocomian), Trinity (.?), Fredericks- 

burg (?), and Washita(?) age rocks which may provide traps (Maher, 1971). 

Maher (1971) has suggested the seaward nose of the Cape Fear Arch as a 

possible place for an Upper Cretaceous-Lower Cretaceous unconformity trap,
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2. Structural Traps

Drape structures. Significant petroleum traps in the Southeast 

Georgia Embayment could be structural highs associated with draping 

and differential compaction over basement blocks. We have suggested 

earlier in this report that early Jurassic sediments in the South 

east Georgia Embayment were deposited on a highly block faulted base 

ment surface. Such structures would have provided "timely" traps 

for hydrocarbons generated in Jurassic or Lower Cretaceous age rocks. 

Drape structures over basement blocks have provided substantial petro 

leum traps in other parts of the United States such as the giant 

Panhandle-Hugoton Field of Texas, Oklahoma, and Kansas (Pippin, 1970). 

Anticlines not associated with basement rocks. Low relief anti 

clines should not be overlooked as potential traps in the Southeast 

Georgia Embayment. Although difficult to locate without detailed 

seismic coverage, this type of trap could be significant. In the 

Sunniland field of Florida, petroleum is presently being produced from 

low relief anticlines with as little as 11 m of closure (Meyerhoff and 

Hatten, 1974).

Fault traps. Continued movement of basement blocks during 

Jurassic and possibly during Lower Cretaceous time may have resulted 

in fault traps. If such fault traps exist, they are probably in the 

lower part of the sedimentary section.
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D. Potential Source Rocks and Reservoir Rocks by Geologic Age

1. Paleozoic

Non-metamorphosed Paleozoic sandstones and shale have been penetrated 

in southern Georgia and northern Florida, and may be present immediately 

offshore in the vicinity of the Suwannee Channel. Meyerhoff 

and Hatten (1974) give three reasons why the Paleozoic section is a poor 

exploration target:

"(1) The section consists of Early Ordovician-Middle 
Devonian marine strata which have been exposed for a 
great period of time from Middle Devonian until Late 
Cretaceous time. Much erosion took place during the 
250 m.y. time of exposure, and most hydrocarbons that 
might have been trapped probably would have escaped, 
(2) the section is well indurated, thin, and contains 
few porous sandstone beds, (3) the sandstone beds pre 
sent are very fine-grained orthoquartzites, too tight 
to produce in commercial amounts (Bridge and Berdan, 
1952; Braunstein, 1958; Carroll, 1963; Meyerhoff, 
1967; Rainwater, 1971)."

However, Meyerhoff and Hatten (1974) and Rainwater (1971) think that 

Paleozoic prospects may be better in the Bahamas and beneath the continental 

shelf because in these areas the Paleozoic rocks were probably buried during 

most of their history.

2.- Triassic

Most Triassic rocks in the eastern United States have little hydrocarbon 

generating potential. The continental shelf should prove no different. 

The main reason for this is that Triassic rocks were probably deposited in 

a continental to brackish water oxidizing environment in which most of the 

available organic material was oxidized before burial. However, some humic 

and lignitic material that escaped oxidation might have generated small 

quantities of gas.
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According to Rainwater (1971), it is possible that Triassic 

grabens may contain porous sandstone beds which are structurally or 

stratigraphically sealed, even though Marine and Siple (1974) have 

described the Triassic rocks of the Dunbarton basin of the South 

Carolina-Georgia Coastal Plain as having "extremely low permeability". 

3. Jurassic

Upper Jurassic-Lower Cretaceous sediments in excess of 4,000 m 

are expected on the continental shelf of the Southeast Georgia Embay- 

ment out to the 600 m water depth (Fig. 24) . The Jurassic section is 

a prolific producer in the Gulf Coast and in the giant Jay Field in 

northwest Florida. Maher (1971) believes that porous dolomitic and 

oolitic limestone beds of Jurassic age may occur at depth offshore; if 

he is correct, these beds could be potential reservoir rocks. According 

to Maher (1971), the Esso-Hatteras Light No. 1 well

penetrated 280 m of Late Jurassic rocks which Brown, Miller, and Swain 

(1972) has described as predominantly coarse sand and shale. Three deep 

wells in the Bahamas penetrated Late Jurassic (Portlandian or Early 

Cretaceous (Neocomian) rocks. These rocks were shallow-water carbonates 

and anhydrites in the Cay Sal IV-1 well, reef and backreef carbonates in 

the Long Island-1 well, and Jurassic carbonates overlain by 328 m of 

black, marine, Jurassic shale in the Great Isaac-1 well (Meyerhoff and 

Hatten, 1974).

The "black, marine, Jurassic shale" reported from the Great Isaac-1 

well may be stratigraphically equivalent to the 293 m of Early Cretaceous 

black clay that was cored in DSDP Hole 101 (Cores 4-8), 450 km west of

the Great Isaac-1 well (Figs: 31 and 32 ). Cores 4-8 have been dated as
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Fig. 31 - Physiographic diagram of a portion of the western North
Atlantic (Heezen.and Hays, 1962) with locations of Leg II 
drilling sites (from Hollister and others, 1972).
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Fig. 32 - Diagrammatic east-west cross section from Florida 
Keys to Blake-Bahama escarpment showing Lower Cretaceous possible 
source rock. (modified from Meyerhoff and Hatten, 1974).
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Albian through Neocomian by Hollister ard others (1974), and according 

to these authors similar Lower Cretaceous black clays have been cored 

in DSDP Hole 105 (Fig. 33) . The following conclusions concerning 

the depositional environment during late Neocomian time based on DSDP 

Hole 101 are from Hollister and others (1972):

"The preservation of the extremely abundant organic 
matter in Cores 6 through 8 indicates that sea floor 
stagnation at Site 101 became even more prevalent 
during late Neocomian time. The black Neocomian 
clays in Core 8 contain bedded siderite with radio- 
larian molds which may indicate that the black, 
organic-rich and iron oxide-rich sediments were 
deposited beneath an open marine environment. The 
general absence of calcareous nannoplankton and the 
occurrence of abundant siderite may be due to the 
solution of calcium carbonate in low pH environment 
resulting from the accumulation of organic debris 
under anaerobic conditions."

Although at this time we are concerned primarily with the petroleum 

potential of the offshore portion of the Southeast Georgia Embayment, 

comments by Meyerhoff and Hatten (1974) on the hydrocarbon potential 

of the nearby Little Bahama Bank should be included:

"The seismic data from this area are of such 
high quality, in contrast to the poor data from 
other areas of the southern Florida-Bahamas- 
northern Cuba area, that it is probable that 
(1) structures can be delineated here with some 
precision, and (2) a terrigenous clastic sequence 
of rocks, possibly an extension of the strata 
known to be present in the Southeast Georgia 
Embayment, underlies the Little Bahama Bank area. 
This favorable area may extend into the norther- 
most part of Great Bahama Bank. Part of the 
reason for the better [seismic] reflection may 
be that the older part of the section (Jurassic, 
Paleozoic) rises closer to the surface from south 
to north. In any case, it is our opinion that the 
number of objectives is greatest in the Little 
Bahama Bank area; that the variety of reservoirs 
is likely to be greatest (sandstone, carbonate); 
that the possibilities for entrapment are 
greatest; and that depth of drilling to the 
shallowest and deepest objectives is least."
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CONTINENTAL RISE

1. Basalt
2. Callovian -?- Oxfordian greenish-gray limestone
3. Late Jurassic red clayey limestone
4. Ti thorn an-rieocotm an white and gray liwstone
5. Tithonian-Neocomian calcareous ooze and chalk

6. Cretaceous black clay
7. Late Cretaceous -?- Early Tertiary multicolored 

clay
8. Tertiary heniipelagic mod
9. Quaternary terrigenous sand and cl»y

Fig. 33 - Synthetic sketch based on data from drilling and seismic
profiler records in the North Atlantic basin during JOIDES 
Leg II. Note (6.) Cretaceous black clay, (from Lancelot, 
Hathaway, and Hollister, 1972).
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4. Lower Cretaceous

With the exception of the recent Jurassic discoveries in north 

west Florida-southwest Alabama/ the Lower Cretaceous section contains 

the only producing strata in the immediate area and is expected to 

offer the best possibility for hydrocarbon entrapment in the offshore 

Southeast Georgia Embayment. There are three main reasons for this: 

(1) availability of seals to prevent the vertical migration and 

possible loss of hydrocarbon to the surface/ (2) good reservoir rocks/ 

and (3) possible hydrocarbon source rocks.

The warm shallow waters of the Early Cretaceous seas were conducive 

to anhydrite deposition on the stable southeast Atlantic continental 

shelf from Cape Hatteras to Cuba. Minor amounts of Lower Cretaceous 

anhydrite have been reported in the Esso No. 2 North Carolina well 

(Spangler/ 1950) and the Hatteras Light-1 well (Brown, Miller and 

Swain/ 1972), and alternate beds of Lower Cretaceous limestone, dolo 

mite, and anhydrite have been reported in the Chevron Great Isaac-1 

well (Meyerhoff and Hatten, 1974). Seaward from the Georgia coast 

and between these two wells, there is a good chance of encountering 

Lower Cretaceous anhydrite which would make an excellent hydrocarbon 

seal. Thin layers of shale would also make adequate seals. Although 

great thicknesses of Lower Cretaceous shale are not enpected, not much 

is needed. It is worth noting that only 30 m of shale over the crest 

of Burgan field/ Kuwait, seals 62 billion bbls of oil (Kamen-Kaye, 1970).

The downdip Lower Cretaceous carbonates are expected to have adequate 

porosity and permeability. Thirty-seven porosity and permeability
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measurements were made for Lower Cretaceous rocks from the Hatteras 

Light-1 well (Spangler, 1950; Maher, 1971). The average porosity and 

permeability based on these measurements are 26.1 percent and 487 

millidarcys, respectively. Within Sunniland field, the porosity of 

the producing zone ranges from 15 to 24.5 percent and permeability 

averages 312 millidarcys parallel to the bedding and 84 millidarcys 

perpendicular to the bedding (Pressler, 1947). Within the Lower 

Cretaceous Sunniland Limestone near Miami, porosity ranges from 6.5 

to 23.3 percent and permeability between 0 and 2.3 darcys (Meyerhoff 

and Hatten, 1974). Cavernous porosity has been reported in a well 

drilled on Andros Island, Bahamas (Meyerhoff and Hatten, 1974) and the 

Esso No. 1 Hatteras Light (Maher, 1971).

If it extends beneath the shelf in the Southeast Georgia Embayment 

area, the thick, black marine Jurassic(?)-Lower Cretaceous shale pene 

trated in the Great Isaac well and DSDP Holes 101 and 105 (Figs. 32and 33) 

might provide an excellent source rock for overlying permeable Lower 

Cretaceous dolomites and limestones. Lancelot, Hathaway, and Hollister 

(1972) have discussed the organic matter of this shale from DSDP Holes 

101 and 105:

"The total organic carbon content, as determined on 34 
samples from this part of the section, shows several 
values around 3 percent. One value from Core 9 of 
Site 105 reaches 14.8 percent. Concentration of 
carbon was high enough so that one sample could be 
burned aboard the ship. Detailed analyses of the 
organic matter from these carbonaceous clays indi 
cate relatively low contribution from plant-derived 
organic debris."

The large geographic separation (over 1,000 km) between DSDP Hole 

101 and 105 suggest broad areal distribution of these Albian through 

Cenomanian organic-rich clays in the western North Atlantic. Whether
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these beds exist beneath the shelf can only be answered by deep drilling. 

Even if these beds do not extend under the shelf of the Southeast 

Georgia Embayment, by appeal to long distance migration, they could still 

be a potential source of petroleum for shelf reservoirs. It should be 

added that the quantity of organic-carbon content of a rock by itself 

does not assure its source rock properties (Fuloria, 1967) the conver 

tibility of the organic matter to petroleum and the efficiency of oil 

expulsion are also important. The authors are not aware of evidence 

that indicates that these Lower Cretaceous deep-water clay deposits of 

the Western North Atlantic are associated with any commercial accumu 

lations of hydrocarbons. Other potential Lower Cretaceous source rocks 

include organic rich carbonate muds which were not oxidized before burial. 

Winston (1971) has stated that the Lower Cretaceous Sunniland Limestone 

has good carbonate source rocks. According to Rona (1973), the sedimenta 

tion rate during the Lower Cretaceous was relatively fast on the south 

eastern continental margin of North America and northwestern Africa; 

hence hydrocarbon percursors may not have been exposed to oxidizing 

conditions for extended periods of time. Preliminary work by Fischer 

and Arthur (1975) suggests that on a world-wide basis, the Lower Cretaceous 

may not have been a period of extensive marine sediment oxidation. In 

their discussion at the 1975 AAPG-SEPM annual meeting, Fischer and Arthur 

presented data which indicate that the Albian, and to a lesser degree, 

the Aptian, was a time of deposition of extremely non-oxidized sediments. 

It may have been a time of reduced oceanic circulation, or a time when 

high rates of organic productivity overwhelmed the available oxygen. In 

connection with the latter, flourishing marine organisms could have

111



created their own bottom-reducing conditions (see Hedberg, 1964, 

p. 1770). In general, the data of Fischer and Arthur suggest that 

this was a time of warmer temperatures, high faunal diversity, and 

heavy carbonate carbon isotopes.

Mattick and others (1974) have speculated on the possibility 

of Lower Cretaceous reef reservoirs occurring along the shelf edge 

in the Baltimore Canyon trough. Seismic evidence indicates that reefs 

could occur along the shelf edge in the Southeast Georgia Embayment 

area also. The importance of reefs in petroleum accumulation apparently 

is due to the fact that they furnished timely, high porosity reservoirs 

near favorable source areas (Hedberg, 1964). In this case, shelf edge 

reefs might be potential reservoirs, not only for petroleum generated 

on the shelf, but also, if we appeal to the concept of long distance 

migration, for petroleum generated on the slope. In this connection, 

the suggestion of Emery (1963), that sediment slides to the foot of 

the slope might create rich source material, should be considered. 

Conversely, however, Meyerhoff and Hatten (1974) are not impressed with 

the reservoir potential of shelf edge reefs off Florida. According to 

these authors, the Atlantic Ocean has been able to flush the exposed 

reefs of the Bahamas area since early in its history. Whether Lower 

Cretaceous reefs could or could not have generated petroleum, is open 

for debate. As to reef generation in general, Rainwater (1971) has 

stated:

"Though enormous quantities of organic material are 
generated in reefs, most of it probably is oxidized. 
Only in the adjacent backreef protected area is there
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preservation of both indigenous and reef organic 
matter. If this material is converted to petroleum 
and is squeezed out of the fine-grained back-reef 
sediment into the porous reef rock, it will not be 
trapped unless the reef is covered by impervious 
beds such as anhydrite or clay. Inasmuch as con 
ditions favorable for anhydrite deposition are not 
likely to develop quickly in a barrier-reef environ 
ment, the most likely seal is clay. Only during 
regressive periods of abundant supply of terrigenous 
sediments from bordering lands are the reefs likely 
to be smothered with clay and silt."

Lower Cretaceous shelf-edge reefs offshore from Georgia might be 

the most likely place in the U. S. south Atlantic for development of the 

conditions outlined by Rainwater. During Late Cretaceous time, silts 

and clays could have been transported to the continental slope by currents 

through the Suwannee Channel and could have sealed the Lower Cretaceous 

reefs. In addition, alternating marine regressions and transgressions 

during the lower Upper Cretaceous (Rona, 1970) could have provided a 

favorable environment to deposit clay and silt over the reefs.

Lower Cretaceous fore-reef deep-water shales and/or limestones of 

the U. S. Atlantic coast might have been capable of generating hydro 

carbons, similar to conditions Meyerhoff and Hatten (1974) have suggested 

for the Golden Lane Fields of Mexico. Deep-water Early to Middle 

Cretaceous Tamabra Limestone emd Tamaulipas Limestone of the Tampico 

Embayment of Mexico (Coogan and others, 1972) possibly contained the 

original organic materials that were transformed into petroleum for the 

giant reserves in the Golden Lane Fields which produce from the shallow 

water reef limestone of the El Abra Formation (Meyerhoff and Hatten, 

1974). 

5. Upper Cretaceous

Very stable shallow-water shelf conditions persisted throughout
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most of Upper Cretaceous time. Sedimentation rates were much slower 

than during Lower Cretaceous time. These two factors are not conducive 

to hydrocarbon generation. Organic matter that may have been deposited, 

either land derived or marine, was probably oxidized before it could be 

preserved. As noted by Ernst (1974):

"... sediments (carbonates, orthoquartzites, etc.) on 
continental shelves of the Atlantic type accumulate 
in an environment that promotes oxidation and solu 
tion of unstable lithic, biogenic, and mineral grains 
and the formation of secondary quartz and carbonates".

Meyerhoff and Hatten (1974) take a negative view regarding 

the hydrocarbon potential of Late Cretaceous rocks , at least in the 

Bahamas sediment, because "there are no seals in evidence to protect 

a reservoir, once formed." They did indicate, however, that this may 

not be true in the Little Bahama Bank area where they believe terri 

genous clastic rocks may extend upward into the Tertiary.

Rainwater (1971) summarized the petroleum potential of the Upper 

Cretaceous as follows:

"It appears that the tectonic and sedimentational 
history of peninsular Florida and adjacent continental 
shelves during the Late Cretaceous time was not favor 
able for oil and gas generation. Though many porous 
carbonate rocks and sandstones are present, they are 
not likely to contain petroleum accumulations."

Maher (1971) is more optimistic in his assessment of Upper Cre 

taceous rocks. He believes that thick marine source rocks may be 

expected beneath the shelf and writes:

"Upper Cretaceous rocks have good possibilities for 
oil and gas production beneath the continental 
shelf...".
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6. Tertiary

The Tertiary strata of the Southeast Georgia Embayment offer 

little hope for commercial quantities of petroleum. There is a lack 

of sealing beds within the Tertiary (Meyerhoff and Hatten, 1974; 

Cramer, 1974). The section is less than 1,100 m thick (Scott and 

Cole, 1975), contains fresh-to-brackish water, and crops out in part 

along the continental shelf and Blake Plateau. Any indigenous oil 

that may have formed has probably been flushed out by fresh waters.

Reported shows of oil or gas in the Tertiary of Florida are rare 

(Winston, 1971). In three JOIDES holes drilled offshore Jacksonville, 

"oil odors and asphalt specks" have been reported (Schlee and Gerard, 

1965, Emery and Zarudski, 1967). Hollister and others (1972) reported 

"a substantial amount of gas, consisting primarily of methane with a 

trace of ethane" for DSDP Hole 103 drilled on the southwest flank of 

the Blake-Bahama Outer Ridge (Fig. 31).
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E. Estimate of Undiscovered Recoverable Oil and Gas Resources

The proposed lease sale area is included essentially within 

two principal provinces of the Atlantic Coast Region evaluated 

recently in a U.S. Geological Survey study of the Nation's resources 

by the Resource Appraisal Group (Miller, and others, 1975). In that 

recent study boundaries at water depths less than 200 m may be con 

sidered to approximate those of the South Atlantic Shelf Province 

and portions at greater water depths (200 - 600 metres) to fall 

within the Blake Plateau Province.

The proposed lease sale area comprises approximately 98,000 

square kilometres. 

1. Appraisal Procedures

The appraisal procedure consists of three principal phases: 1) 

data acquisition and summation; 2) individual and collective appraisals 

of the concerned provinces, using as references volumetric-yield pro 

cedures, basin analysis, Hendricks potential area categories, and other 

published appraisals; 3) computer fitting of lognormal curves to the 

high, low and modal values of the Resource Appraisal Group's assessment 

to compute the probability distribution for .each province, and related 

statistical treatment.

Data assembly. These estimates of undiscovered oil and gas 

resources are based upon data obtained through geologists of the U.S.G.S., 

published references, and unpublished U.S.G.S. materials. A full treatment 

of the geologic aspects is given in previous sections of this report.
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Geologic data from the South Atlantic and Blake Plateau Provinces 

were summarized on data formats (see Appendix I ) which contained not 

only an inventory of the information base but a quantification of the 

summarized information needed to characterize the basic geology. Appro 

ximately 85 basic categories of information were tabulated.

The province data formats and supporting data were reviewed by the 

Resource Appraisal Group and other U.S.G.S. personnel. Special emphasis 

was placed upon accuracy of areal determination of provinces by planimetry, 

determination of thickness and volumes of sediments in each of the pro 

vinces, and selection of yield values by analog basins or provinces. One 

page province summary sheets were compiled for the South Atlantic and 

Blake Plateau provinces to facilitate data handling (Form 3, Appendix I ).

Initial Appraisal. All of the geological data summary reports and 

total production and reserve information for these provinces were subjected 

to a series of resource appraisal methods.

A series of geological and volumetric-yield analog procedures was 

applied to each province to determine a range of hydrocarbon yield values. 

Geologic analogs, which were limited to the United States and Canada, 

can be considered only approximate, especially those analogs where 

volumetric yield data was not available.

Those analogs selected for use in the South Atlantic Shelf Province 

consisted of the dominantly carbonate sediment filled Salina Basin, the 

mixed clastic carbonate provinces of Alberta and Denver basins, and the
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Table 1. Resource appraisal - province estimate - U.S. South Atlantic 
Continental Shelf (0-200m)
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Table 1. Resource appraisal - province estimate'- U.S. South Atlantic 
Continental Shelf (0-200m) (continued)  
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Table 2. Resource appraisil - province estimate - Blake Plateau 
(combined 200-2500m)
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Table 2. Resource appraisal - province estimate - Blake Plateau 
(combined 200-2500m) (continued)
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predominantly clastic province of the Gulf of Mexico (which, however, 

contains in its Jurassic and Cretaceous portions rocks similar in 

age and possibly similar in lithology to the Atlantic Coast sequence). 

Additional, possibly closer, geologic analogs may be made, particularly 

for given elements or parts of this province t as indicated in the 

accompanying chapters devoted to the geologic setting.

Those analogs with yield data selected for use in the Blake Plateau 

Province consisted of the carbonate provinces of the onshore Florida 

Platform, Palo Duro Basin, Salina Basin and the mixed clastic-carbonate 

Williston Basin. Yield values from these analogs were applied to sediment 

volumes in the South Atlantic Shelf and Blake Plateau Provinces and cal 

culated for total recoverable oil and gas.

In addition, a series of Hendricks 1 productive-area categories was 

calculated on the basis of province area to evaluate a range of 

potential for each of the commodities. Finally, all published and docu 

mented resource appraisal estimates were compiled on a special summary 

form (Form 4 ) with all the above estimates that were calculated for 

each of the methods (Tables 1 and 2 ).

The Resource Appraisal Group geologists made a comprehensive compar 

ison of all of the above information and appraisals and then, assuming 

the existence of oil and gas in commercial quantities in the province, 

made an initial resource appraisal by a subjective probability technique

*

as follows:
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1. A low resource estimate corresponding to a 95 percent 

probability (19 in 20 chance) that there is at least 

that amount present.

2. A high resource estimate with a 5 percent probability 

(1 in 20 chance) that there is at least that amount 

present.

3. A modal estimate of the resource which the estimator 

associates with the highest probability of occurrence 

that there will be that amount.

4. A statistical mean which is calculated by adding the 

low value, the high value, and the modal value and 

dividing the sum by 3.

These estimates were recorded on the resource appraisal summary 

sheets for use in the final evaluation by the Resource Appraisal Group 

Committee (Tables l and 2 ).

Final Resource appraisal procedures. The Resource Appraisal Group 

Committee and regional geologic representatives met to complete the final 

resource appraisal estimates for each province. The representative 

presented a summary of the geology and pertinent information related 

to an evaluation of the province's petroleum potential. A collective 

review was made by the committee of all the summary sheets and data 

formats, significant supportive data, all the other estimators' figures, 

and the Resource Appraisal Group representative's evaluation.
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Following the detailed reviews, each member of the committee and 

the appropriate representatives and area experts individually made their 

resource appraisal estimates for the province by the subjective proba 

bility procedures described in the previous section. Individual estimates 

were posted for review and after discussion, a group consensus was 

arrived at for a range of estimates, as defined.

The final figures as arrived at by the Resource Appraisal Group 

for the low (95 percent), high (5 percent), and modal estimates and the 

calculated statistical mean are the raw estimates that were then statis 

tically analyzed, as discussed below.

Methodology for processing probabilistic assessments. The proce 

dures described for estimating the undiscovered oil and gas for the 

Atlantic petroleum provinces involve subjective probabilities (Raiffa, 

1968). Judgments were expressed by the Resource Appraisal Group Committee 

for each province as percentile assessments limited to judgment of quan 

tities associated with the 5 and 95 percent range. These moderate 

intervals were selected to realistically account for at least 90 percent 

of the range of the probable undiscovered oil and gas resources. Also 

included were the assessment of a modal value and a calculated statisti 

cal mean.

A lognormal distribution was fitted by computer program (Kaufman 

1962) to the high, low, and modal value of the Resource Appraisal Group 

assessment to compute the probability distribution for each province.

Marginal probability. In the initial resource appraisal for each 

province, an assumption was made that oil and gas existed in commercial 

quantities. This assumption cannot be. made with certainty in frontier OCS

areas in which no petroleum has been discovered to date, as in the South
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Atlantic Shelf. It was necessary, therefore, to assign a marginal 

probability to the event "commercial oil found" and to the event 

"commercial gas found". These marginal probabilities were deter 

mined by consensus of the Resource Appraisal Group Committee. They 

were then applied to the estimated subjective probability judgments 

of the undiscovered recoverable resources to determine a final pro 

bability distribution of those resources.

At the present time there has been no oil or gas found in the 

offshore provinces of the South Atlantic. The probability of finding 

oil and/or gas in commercial quantities was calculated as approximately 

40 and 30 percent for the South Atlantic and Blake Plateau Provinces 

respectively (corresponding to a 60 and 70 percent probability of finding 

no oil or gas in commercial quantities). Consequently the probability 

curves (Figs. 34 and 35) reflect marginal probabilities for the South 

Atlantic Shelf and Blake Plateau Provinces,

These curves may be used to provide estimates of undiscovered 

recoverable resources at any chosen probability. For example, for 

the South Atlantic Shelf province, the estimated undiscovered recoverable 

oil at a 1 percent probability (1 in 100 chance) of at^ least that amount 

is 1.8 billion barrels. At the other end of the curve, an estimate of 

0 at the 40% probability means that there is less than 4 in 10 chance 

of commercial quantities of oil being present.
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2. South Atlantic Proposed Lease Sale Area Appraisal

The proposed lease sale area, comprising approximately 

98,000 «quar* kilometers and containing 350,000 cubic 

kilometers of sediment, falls within the previously appraised

provinces of the South Atlantic Shelf and Blake Plateau. Geologic 

analogs, for which volumetric yield data were available were employed 

(as indicated on Forms 4-A) to provide guidance for independent 

estimates of resources in these provinces.

The estimates of undiscovered recoverable oil and gas determined 

for the South Atlantic Shelf Province (Fig. 34 ) are considered to 

approximate that part of the lease area generally at less than 200 m 

water depth, and can be viewed in that context. This assessment pro 

vides the following estimate of at least these amounts of oil and gas 

at the indicated probabilities:

UNDISCOVERED RECOVERABLE RESOURCES

25% 5% Statistical 
probability probability mean

Oil (billions of bbls) 0.7 1.2 0.3 

Gas (trillion cubic feet) 1.4 2.5 0.7 

Portions of the proposed lease sale area extend into waters up to 

600 metres and fall within the previously cited Blake Plateau Province. 

Resource estimates of the total Blake Plateau Province are indicated in 

Figure 35. Based on area and sedimentary volumes and possible distri 

bution of resources, it is estimated that approximately 15% of the 

estimated resource of the Blake Plateau Province should be allotted

128



to those parts of the lease area between 200 and 600 m water depth, 

This assessment provides the following estimate of at least these 

amounts of oil and gas at the indicated probabilities: 

UNDISCOVERED RECOVERABLE RESOURCES

25% 5% Statistical 
probability probability mean

Oil (billions of bbls) 0.1 0.3 0.1 

Gas (trillion cubic feet) 0.1 0.3 0.1 

Ideally, these separate estimates of resources for the South Atlantic 

Province and the fractional part of the Blake Plateau Province should 

only be combined through statistical probability procedures (Monte Carlo) 

to provide an aggregate resource estimate for the total area. Although 

this aggregation is not available nor provided here, a crude approximation 

may be achieved in this instance by a summation of the respective probab 

ilities, which will provide at those respective probabilities, limits 

within which the actual values must fall. In other words, the limiting 

maximum resource volume which should be determined at the 5 percent pro 

bability level would be somewhat less than this sum, while total resource 

estimates falling below the statistical mean at higher probabilties should 

be somewhat larger than their particular sums, the sum of the statistical 

means remaining unchanged. The limiting values for the proposed lease 

sale area at the indicated probabilities are as follows: 

UNDISCOVERED RECOVERABLE RESOURCES

Oil (billions of bbls) 

Gas (trillion cubic feet)

25%
probability

0.8

1.5
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5%
probability

1.5

2.8

Statistical
mean

0.4

0.7



Additional hydrocarbons, occuring as natural gas liquids, might be 

anticipated if quantities of natural gas were to be discovered. Data 

do not permit direct estimation of these liquids here. However, on 

a national basis, the NGL/gas production ratio is approximately 33 barrels 

of NGL for each million cubic feet of gas produced.
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IV. Resources Other Than Petroleum

The "total resources", as defined by U.S. Geological Survey (GS) 

and U.S. Bur. Mines (BuM) Committee (1973), of the U.S. Atlantic DCS are 

judged to be very large. GS and BuM include as reserves all the natur 

ally occurring materials   those known and those yet unidentified but 

expected to exist based on geologic evidence. Thus "total resources" 

would include materials such as oil and gas (these are discussed in a 

separate section of this report), hard minerals (placer-type deposits), 

sand and gravel, and minerals either dissolved in or precipated from sea- 

water. An over-whelmingly large amount of the total resources of the 

United States Atlantic OCS are "undiscovered resources" and correspondingly 

few resources lie within the definitions of "identified" and "demonstrated" 

resources (GS and BuM, 1973). Even a smaller part of the identified 

resources can be classified as a "reserve" (GS and BuM, 1973).

Because the surface of the Atlantic OCS area has been

sampled about as intensely as any part of the Continental Shelf off the 

United States, the general paucity of "reserves" of hard minerals appears 

to result not from insufficient sampling, but from an actual dearth of 

such minerals in the area. Nevertheless, lack of detailed sampling 

of various areas known to contain hard subeconomic mineral deposits, places 

most of the minerals present in the "Identified subeconomic resources class 

ification" (GS and BuM, 1973).
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The materials listed in table 3 with their corresponding data 

have been encountered on or within the seabed of the United States 

Atlantic OCS. All these materials except sand, gravel, and mud 

are placed in the "Identified-subeconomic resources" category (GS 

and BuM, 1973).

Sand and gravel, and perhaps the ceramic muds (Manheim, 1972) 

represent, among the materials listed in table 3 those resources 

most intensively, but not yet fully, investigated. Nevertheless, 

resource estimates show economic deposits exist and sand and gravel 

resources at present can be established as "economic reserves" (GS 

and BuM, 1973). Sand and gravel deposits most likely available now 

for economic extraction are large, so that, even though only partly 

evaluated, the indicated reserves on the United States Atlantic OCS 

(including the Southeast Georgia Embayment area) are at least 450 

billion tons of dry sand and at least 1.4 billion tons of gravel. 

The total gravel amount may exceed 50 billion tons and the inferred 

sand resources are probably 10 or more times greater than now estimated.
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Table 3

Data sources for resources other than oil and gas 
for the Atlantic OCS

Material Selected Data Sources

Phosphorite

Anhydrite

Manganese nodules - including 
trace elements: Ni, Cu,,Co, Sn, 
Fe, Zn, Ag, Ba, Al, B, Ti, V, 
Ar, and many others

Ilmenite, monazite, zircon, rutile 
staurolite, kyanite, sillimanite, 
and garnet

Copper and zinc (chalcopyrite 
and sphalerite minerals)

Sand, gravel and mud

Glauconite 

Carbonate

Stanley and others, (1967); 
McKelvey and Wang, (1969), p. 
10, pis. 1 and 4; Manheim, 
(1972, p. 11-13); Milliman
(1972); McKelvey and others 
(1969, p. 5A53-5A57)

McKelvey and Wang (1969, pi. 4)

McKelvey and Wang (1969, p. 11, 
pi. 1); Horn, Horn and Delach
(1973); Mero (1965, p. 180); 
Horn (1972, p. 10); Manheim 
(1972, p. 11)

Trumbull and others (1958, p. 52- 
53); McKelvey and Wang (1969); 
Emery and Noakes (1968); Hathaway
(1971); Manheim (1972, p. 7-11); 
Ross (1970); McKelvey and others
(1969, p. 5A1-5A117); Manheim
(1972, p. 2, 11)

Manheim (1972, p. 2, 11)

Manheim (1972, p. 13-13; 22) 
Schlee (1964; 1968); Schlee 
and Pratt (1970); Emery (1965); 
Duane (1968); Davenport (1971); 
Taney (1971); Economic Associates 
Inc. (1968); Milliman (1972); 
Ross (1970); McKelvey and Wang
(1969, p. 10); McKelvey and 
others (1969, p. 5A64); Nossaman 
and others (1969); Doumani
(1973); Rexworthy (1968)

McKelvey and others (1969, p. 5A91

Hvilsemann (1967) ; Milliman 
(1972, p. J7)
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V. Environmental Considerations

A number of separate and distinct potential environmental 

problems have been identified for the U.S. South Atlantic Province. 

Some of these are common to all areas of the U.S. east coast, such 

as those associated with oil spills which might impinge on the 

coast, and hazards to rigs from storms or sediment movement by 

scour or by mass movement. Certain potential hazards do not arise 

here, such as ice problems, but others are of especial concern in 

this area. In the latter category are hazards associated with the 

possible trend of seismicity through Charleston, the possibility of 

accelerated contamination of the principal artesian aquifer, a major 

water source to the region, and drilling in an area of known solution 

cavities in the limestone of the shelf.
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A. Potential Hazards Associated with Ocean Circulation and Weather

Conditions

Currents and weather are factors associated with several potential 

environmental hazards. These include transport of oil spills to shore 

by current and wind effects, potential damage to rigs by storm waves, 

and drilling in the strong ocean currents of the area. 

1. Weather Conditions

Gale winds are much less frequent south of Cape Hatteras than to 

the north, occurring generally on less than 15 days per year (see 

meteorological records in table 4). However, such winds have been 

recorded at all stations along the coast at almost any time of the 

year. Gale winds usually accompany sharply defined frontal systems, 

severe cyclonic storms, hurricanes, or occasionally severe local 

thunderstorms.

Tropical cyclones (hurricanes) are the most severe weather hazard 

in this area. Such storms develop over the southern portions of the 

North Atlantic, including the Gulf of Mexico and Caribbean Sea mostly 

from June through October, ocassionally in May and November, but 

rarely at other times of year. The hurricane season reaches its peak 

in September.

The tracks of selected hurricanes are shown in Fig 36. Note that, 

as opposed to the Winter-Spring pattern of storm movement, (from 

southwest to northeast), the storm tracks from July through October 

show the much more erratic pattern of hurricane movements. Movement is 

generally from south to north. Although such storms are relatively infrequent
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Winds, currents and storms in the Southeast Georgia embayment area.

The arrows on the chart are approximations of the prevailing 

direction and the figures are approximations of the average speed 

expressed in knots. The arrows with the solid shaft represent the 

approximate set of currents as obtained from ship log data. The 

arrows with the broken shaft represent the approximate set of 

generally known currents for which few data are available. The 

number over the arrow is the mean drift in knots.

The dotted lines indicate the paths followed by the centers of 

the more severe storms that have occurred during the month in past 

years.

(From Pilot Charts of the North Atlantic Ocean, 1974, U.S. Naval 

| Oceanographic Office pub. N,0. 16)

EXPLANATION OF WIND ROSES

Prevailing winds and calms - The wind rose, in each 5-degree 
square shows the character of the winds that have prevailed within 
that square. The wind percentages are concentrated upon eight 
points. The arrows fly with the wind. The length of the arrow, 
measured from the outside of the circle on the attached scale, 
gives the percent of the total number of observations in which 
the wind has blown from or near the given point. The number of 
feathers shows the average force of the wind on the Beaufort 
scale. When arrow is too short, feathers are shown beyond its

end. The figures in the center of the circle gives 
the percentage of calms, light airs, and variable 
winds. When the arrow is too long to be shown 
conveniently, the shaft is broken and the per 
centage is indicated by numerals.
For example: The attached wind rose should be 

read thus: In the recorded observations the wind 
has averaged as follows:
From N. 32 percent, force 4; from NE. 20 percent; 
force 3;from W. 1 percent, force 6; from NW. 18 
percent, force 2; calms, light airs, and variables, 
29 percent.

0 10 ZO 30 4O SO 60 TO 80 90 100 

SCALE OF WIND PERCENTAGES

Fig. 36a - Explanation
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compared to winter gales, having affected Savannah on the average 

of about once every 10 years (United States Department of Commerce, 

1974, p. 126), they are extremely dangerous. Winds speeds of 122 

knots have been estimated at Palm Beach (United States Department of 

Commerce, 1974, p. 167).

Hurricane winds will, of course, produce much larger waves than 

those cited in record (table 4)  Such large waves will act 

as shallow-water waves anywhere on the shelf, and the effect of 

refraction of these waves toward headlands and shoals must be examined. 

It is possible that refraction by the capes and their offshore shoals 

may result in concentration of wave energy and, thus, much larger 

breaking waves on these shoals than would be anticipated along most 

coasts. 

2. Shelf Circulation and Movement of Oil Slicks

We will consider the relatively scanty information on water flow 

on this shelf, briefly examine the probable driving forces and look, 

at possibilities of drift of oil spills which would result. Oil spills 

on the shelf would have most likelihood of reaching the shore.

Perhaps the most useful data on long term water flows on the 

shelf are afforded by use of drift bottles and bottom drifters, as 

reported by Bumpus (1973). The bottles are ballasted to float with 

a minimum of freeboard and thus are affected mainly by water move 

ment at a depth of a few centimeters, so that they may not respond 

precisely as an oil slick would, but they are certainly our best indi 

cation of water currents which effect slick movement. The surface
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circulation data for the eastern U. S. continental shelf repre 

sents results from release of 165,566 ballasted drift bottles, 10% 

of which were recovered.

Results of drift bottle studies are shown in Appendix n. 

They show a poorly defined northerly drift at about 5 nautical 

miles per day during January and February for most of the shelf 

with a well defined drift toward Cape Canaveral in the southern part 

of the U. S. South Atlantic area. A southerly drift near 

shore off northern Florida is apparent, as is an intrusion of 

water to the south past Cape Hatteras. This intrusion of water 

is strongest in March. The weak northerly drifts of the early 

part of the year give way in May to stronger southerly drift 

(as much as 7 nautical miles per day) with onshore components. 

In June and July, the weak northerly drifts resume but with stronger 

onshore components and considerable variability. A very strong 

and well defined southwesterly drift involves the entire shelf in 

August and September and recovery rates of drifters are very 

high, indicating strong onshore movement. During October through 

December, recovery rates are poor and general shelf circulation 

poorly defined, but recoveries from nearshore release points 

are high. According to Bumpus (1973, p. 129):

"It would appear that two conflicting systems are at 
play here, a geostrophic current interrupted by invasions 
of the Florida Current. The geostrophic current tends to 
flow southerly and does so successfully in May, during 
late summer, and early autumn from Frying Fan Shoals southward 
It is interrupted frequently by invasions of the Florida 
Current riding up over the shelf carrying the surface
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water northward. On those occasions when the recovery 
rate is poor in the South Atlantic Bight, one can generally 
assume the surface water has been forced out by a meander of 
the Florida Current, and the drift bottles have been car 
ried north past Cape Hatteras and out of the immediate 
system."

From 1961 to 1970, 75,485 sea-bed drifters were released on 

the continental shelf of the eastern U.S. As of September 1971, 

12,008 (15.9%) had been recovered from the shores of North America

and 2106 (2.8%) had been recovered from the bottom by fishermen. 

Bumpus (1973, p. 138). Results from bottom drifter returns are shown

in Appendix 2. Bumpus points out that the pattern of sea-bed drifter 

returns is not seasonal, that is, such drifters are recovered continuously 

during the year, whereas drift bottles are found chiefly during the 

warm half of the year. He regards this as evidence that the drifts 

reflect the thermohaline circulation, modified by wind. Where the 

salt wedge is well developed, as off North Carolina, the shoreward 

component of bottom drift extends farthest from shore and rates of 

return are highest. Where salt wedge development is poorer, as off 

Georgia, shoreward bottom drift is restricted closer to the coast. 

Bottom drifts toward Cape Canaveral are especially notable with high 

rates of recovery there.
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Water on the continental shelf of the southeast Georgia 

Embayment is apparently renewed both from the Gulf Stream and from 

non-continuous flows south past Cape Hatteras as well as from 

river input. Geopotential topography of the sea surface south of 

Cape Hatteras (Stefansson, Atkinson and Bumpus, 1971) (Fig. 37 ) 

suggests the presence of counterclockwise gyres in this vicinity.

Intrusion of water along the bottom onto the shelf apparently 

occurs in summer when shelf water becomes warmed and less dense 

than offshore water. This movement has been inferred from nutrient 

distributions and oxygen anomalies (Stefansson, Atkinson, and 

Bumpus, 1971) and an onshore velocity of 12 cm/sec was calculated by 

Blanton (1971). This onshore bottom flow apparently mixes upward 

with shelf waters on the inner shelf and may be compensated by an 

offshore surface flow. A reverse of this situation probably occurs 

in the winter, when nearshore water may acquire sufficiently high 

density by cooling to flow offshore along the bottom and cascade 

down the continental slope (Bowe and Menzies, 1968; Blanton, 1971; 

Stefansson, Atkinson and Bumpus, 1971). Bottom transport of water 

landward, with upwelling along the coast of central eastern Florida 

is indicated by decreases in water temperatures in July and August 

in 14 out of 18 years (Taylor and Stewart, 1959). This may be caused 

by Ekman transport related to summer change in wind pattern. Onshore 

and offshore flows may also be caused by oscillations of the Gulf 

Stream which have an amplitude of 10-30 miles (Stefansson, Atkinson, 

and Bumpus, 1971).

Southward transport of water on the shelf past Cape Hatteras 

into the southeast Georgia Embayment area by northeastly winds may
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of which indicates speed. Broken arrows indicate direction of drift only. No drift bottle data

available for December 1966.

Fig. 37 - from Stefansson, Atkinson and Bumpus (1971, Fig. II).
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be a fairly common feature of shelf circulation (Gray and Cerame-Vivas, 

1963; Stefansson, Atkinson, and Bumpus, 197J; Bumpus, 1973). Such a 

current would probably develop most strongly during winter months when 

northerly winds are strongest and most common and when runoff is 

greatest to the north. Under such conditions, flushing time for the 

shelf south of Cape Hatteras might be as little as 7 to 14 days, whereas 

when this current is negligible, a flushing time of 200 days has been 

calculated (Stefansson, Atkinson and Bumpus, 1971).

Experiments have indicated that oil spills move with the wind at 

about 2-3% of wind velocity (Schwartzberg, 1971, Harrison 1974). Most 

toxic fractions are believed to disappear from a slick in 3-8 hours 

(Harrison 1974) ("disappear" in this context includes solution into 

water as well as evaporation). However, a test at sea has indicated 

that thicker patches of oil, which are indentifiable from the air, will 

persist for at least 4 days (Jeffrey, 1973) and the assumption has been 

made that a spill can be considered a contiguous slick for up to 20 

days (Offshore Oil Task Group, MIT, 1973).

In considering the meterologic and physical oceanographic data 

presented above, it would appear that the worst case might occur during 

the Fall period. At that time of year winds blow in a generally onshore 

direction (east, southeas-t, and northeast) almost half the time and 

average force 4 (11-16 mph) (Fig. 36 ). Such winds speeds might 

be expected to produce about 0.2 to 0.4 mph movement of slicks.
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In addition to this surface wind effect, Bumpus' (1973) data Appen 

dix ii) and the pilot charts (Fig. 36) both suggest a S.E. surface 

current, which Bumpus refers to as geostrophic. Bumpus (1973) 

determined a mimimum drift of about 9 mi/day (0.4 knots) and the 

pilot charts indicate a rate of about 0.7 knots which is probably 

closer to true velocity. The high recovery rate noted by Bumpus 

for September probably indicate a significant onshore component 

to water movement then. Thus it is quite likely that a slick 

could move in an approximatt-ly SW direction at a rate of a knot, 

covering perhaps 100 miles in the 4 days in which we know that 

slicks can maintain themselves, or 500 miles in 20 days, thus 

easily impinging on the shore. This time of year is also a worst 

case situation because it is the hurricane season in the region 

and such storms can inflict damage on rigs.

The above is indeed a worst case consideration, however. 

Winds through much of the year are relatively light and during 

the winter stormy period dominant winds blow from the NW quadrant, 

thus tending to blow slicks out to sea. The Gulf Stream, sweeping 

the shelf edge, will tend to carry away spills and keep them 

away from coastlines until they are dispersed.

The results both of drift bottle studies (Appendix II. A) and 

of bottom drifters (Appendix ri. B) show a decided drift toward Cape 

Canaveral and very high rates of retrieval of drifters there. It 

is apparent that a spill near that Cape has a much greater chance 

of drifting ashore than spills elsewhere. Therefore, lease sites 

near Cape Canaveral should be examined with this consideration 

in mind.
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3. The Gulf Stream and Associate Flows

Circulation in this region is dominated by the Gulf Stream- 

Florida Current flow which commonly reaches speeds of over 2 knots

(see Fig. 36). This strong current skirts the edge of the 

continental shelf, and would have the effect of sweeping oil spills 

out of the area and maintaining them at sea until dispersed. 

However, the flow could create difficulties during drilling. 

The Gulf Stream is about 100 km wide off Florida, broadening 

northward to the offings of Cape Fear (Richardson, Schmitz and 

Niiler, 1969; Richardson and Knauss, 19?1). It generally forms 

a single, essentially unidirectional stream to Cape Hatteras, 

then breaks up into meanders to the north (Stommel, 1958; 

Fuglister, 1963; Robinson, 1971), although minor meandering 

has been reported as far south as Cape Canaveral (Chew and Ber- 

berian, 1970) and irregularities have been observed in the western 

border of the stream which may be due to tidal effects (von Arx, 

Bumpus, and Richardson, 1955). The most intense flow, of about 

180 cm/sec, occurs about 20 to 30 km seavard of the shelf edge 

and northward velocities reach about 40 cm/sec at the sea floor 

at depths of about 400 to 800 m. (Schuitz and Richardson, 1968; 

Richardson, Schmitz and Niiler, 1969). Transport of water by 

the Gulf Stream increases northward at a rate of increase in 

volume of 7% per 100 km (Knauss, 1969), by entraining water from the 

margins. The flow commonly almost fills the Straits of Florida 

(Richardson, Schmitz and Niiler, 1969) but area of contact with the
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bottom decreased toward the north and was calculated to be only 

3 km wide near Cape Hatteras at a time when the surface width of 

main stream was 135 km (Richardson and Knauss, 1971). The Gulf 

Stream is essentially a constant phenomenon, although Niiler and 

Richardson (1973) have measured a transport variation off Miami 

between Winter and Summer of 25.4*106 m3 /sec (Winter) to 33.6'106 

m-Vsec (Summer) .

Reverse flows to the Gulf Stream may occur both near-surface 

(counter currents) and on the bottom (undercurrents) such a southward 

flowing surface current may exist on the east side of the stream 

(Stommel, 1958). Southward flowing undercurrents may exist on both 

sides of the stream (Richardson and Knauss, 1971) but this seems best 

documented for the western side where it is known as the Western 

Boundary Undercurrent (Barrett, 1965; Amos, Gordon and Schneider, 

1971). This undercurrent is noticeable in its effects on the sediments, 

particularly at depths of 1200 to 3600 m (Heezen, Hollister, and 

Ruddiman, 1966; Rowe and Henries, 1968) and velocities of up to 26 cm/ 

sec in the southward direction have been measured (Amos, Gordon and 

Schneider, 1971). The main flow of the Western Boundary Undercurrent 

probably occurs north of the Blake-Bahama Ridge, but reversals of flow 

have been reported to the south, which may be tidal (Duing and Johnson, 

1971; Weatherly, 1972).

161



Considerable difficulty was experienced with position-keeping 

in the Gulf Stream during the drilling of the JOIDES holes on the 

Florida Shelf and Blake Plateau. For example, at site 5 on the 

Florida-Hatteras slope, the cruise narrative (p.34) reports that 

"after about 33 meters of penetration it was necessary to pull 

out of the hole quickly due to strong currents which were hitting 

the ship broadside." (Schlee, J. and Gerard, R., 1965. Cruise 

report and preliminary core log, M/V CALDRILL 1-17 April to 

17 May, 1965. JOIDES Blake Panel Report, unpublished manuscript, 

64 p.). On occasion, variations in current speed with depth apparently 

created difficulties as indicated on p. 40 of the cruise narrative:

"The conditions at a location between position 
3 and 6 were tested on the run back toward Jacksonville. 
At one position (29°24.5'N, 78°36'W) currents were too 
strong to permit position-keeping. A chip-log current 
measurement revealed a surface velocity of 75 cm/sec 
(1.5 knots) toward the south at this location, where the 
depth was about 800 meters. Although not as strong as 
surface currents at some sites already worked, this 
appeared to be a deep-reaching current, which created 
severe bending in the drill string after about 100 meters 
of tubing had been put In the water. This site was 
abandoned..."

Bending of the drill string while being retrieved also occurred at 

site 5. Although modern drill rigs have greater capabilities than 

the one used in these operations, the problem still should be considered
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 B. Potential Hazards Associated with Bottom Conditions

Platforms constructed in the outer continental shelf could be damaged 

by movement of their supporting material. This movement can occur by 

sediment transport either by scour or by mass movement and by collapse 

of sea floor rocks related to solution cavities.

1. Sediment Transport by Scour

As noted in the section on marine surficial sediments, the mid and 

outer shelf sediments are sands which appear to be in textural equilibrium 

on this shallow shelf. The presence of primary structures such as cross 

bedding, ripple marks, and graded bedding indicate active deposition or 

redeposition. In the high energy zones near the capes, mud and sand are 

carried seaward by current and wave action across the shelf and deposited 

on the slope. Between the capes, a shoreward migration of grains from the 

central and outer shelf occurs.

The dynamic sedimentary environment of this shallow shelf indicates 

the possibility that bottom structures would be affected by scour around 

their supports. This would also be a problem on the inner Blake Plateau 

where erosional features are common, produced by the Gulf Stream flow.

2. Mass Movement of Sediments

The medium to coarse sand which predominates on the shelf would be 

relatively dense as a result of reworking by ocean currents and thus 

should offer good support characteristics (McClelland, 1974) , 

However, dense sands typically provide great resistance to pile penetration. 

Patches of lagoonal muds and peats which occur on the shelf would result in 

scattered areas in which support capabilities could be very poor, since 

static bearing capacity and stability against sliding can be drastically 

reduced by the presence of even a very thin layer of clay.
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Slumping occurs on the slope where fine sediments are being 

deposited. Clays being deposited here are semi-consolidated at best. 

Slope sediments have had no subaerial exposure and, lacking desiccation, 

retain their mobile plasticity. 

3. Collapse of Cavernous Limestones

Many of the limestone formations of the Florida peninsula and 

Bahamian Banks area are known to contain extensive networks of caves 

which present serious problems in drilling and completing wells. 

Cavernous limestones are especially prevalent in the shallower Tertiary 

sections where subsurface erosion may have taken place during Pleistocene 

time when the sea stood at lower levels.

The Ocala Limestone (Eocene) is one of the principal aquifers of 

southeastern Georgia and Florida and is known to be cavernous throughout 

most of this area.

The cavernous porosity encountered during the drilling of the 

Bahamas Oil No. 1 Andros Island has been well documented (Maher, 1971; 

Meyerhoff and Hatten, 1974). Important caverns were penetrated at depths 

of 21 m, 165 m, 820 m, 2,929 m, 3,056 m, 3,252 m, 3,260 m, 3,954 m, 

4,027 m, 4,028 m, 4,030 m, 4,034 m, 4,060 m, 4,082 m, and a total depth 

4,448 m; the largest cavern of all was that reached at total depth. A 

length of drill pipe 2,430 m was lost in the hole and vanished. The most 

careful surveys could not locate the lost pipe and the well was abandoned. 

(Meyerhoff and Hatten, 1974). Circulation of drilling mud was lost at 

nearly all of cavernous zones listed above, indicating that they extended 

laterally for considerable distances. Cavernous porosity was also 

encountered in Lower Cretaceous carbonates in the Esso No. 1 Hatteras Light
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between depths of 2,550-2,575 m (Maher, 1971). Such porosity may exist 

throughout the Southeast Georgia Embayment area.

In areas where karst features are present, loading of the shelf 

surface above a cavern by a bottom mounted platform could cause collapse 

with damage to structures and possible leakage of water or oil.
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C. Seismic Hazards

Earthquakes can cause damage to platforms, pipelines, etc. Although 

the eastern U. S. occurs entirely within a lithospheric plate and only a 

low level of earthquake activity generally is present, some trends or 

concentrations of seismicity exist (Sbar and Sykes, 1973). Such trends 

or concentrations are indicated on the map of seismicity in the southeast 

Georgia Qnbayment area (Fig. 38 ) (from Hadley and Devine, 1974). 

As noted by these authors, (p. 1):

"Because of the relatively low frequency of occurrence 
of eastern earthquakes (about 6.2 earthquakes of MM IV-V or 
greater per year during 1900-1970), it was considered desirable 
to include data from the earlier period of less complete records 
in order to obtain as long a record of seismic activity as 
possible. This means that probably 85 percent of the epicenter 
locations used are based on macroseismic rather than instrumental 
observations and are limited correspondingly in accuracy."

Figure 38 displays a low density of seismologic activity in North 

Carolina, Georgia, and Florida with a higher level in South Carolina and 

an exceptional concentration near Charleston. As noted by Hadley and 

Devine (1974, p. 6):

"A highly anomalous exception to the characteristic seismic 
inactivity of most of the Coastal Plain is the well known record 
of earthquakes in the vicinity of Charleston, South Carolina. 
This record includes several unusual features that distinguish it 
from seismic activity elsewhere in the eastern United States. 
The intensity IX-X earthquake of 1886 seems to have occurred 
after a century or more of little seismic activity in the region, 
and the many subsequent shocks that occurred within a 20 to 30 
year period all took place in the area of the original earthquake, 
thus, they have been referred to as a long sequence of aftershocks 
of the 1886 event. No other part of the Coastal Plain or other 
locality in the eastern United States shows a similar record.

The wide extent of high-intensity effects of the 1886 earth 
quake, as well as the large region in which it was felt, indicate 
that it originated at considerable depth in the crustal rocks 
below the Coastal Plain sedimentary cover."
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EXPLANATION

Modified Mercalli Intensity

A

III toVI
A
VII 

A
VIII

A ix-x

A
XII

The center of each triangular symbol indicates the epicentral location of one 
or more seismic events, plotted to the nearest 0.1 degree of latitude and 
longitude. The intensity shown is maximum Modified Mercalli (MM) intensity 
in the epicentral area of the largest event at the plotted location. Most 
locations are based on observations of intensity rather than on instrumen 
tal records

a
Seismic frequency contour representa the areal distribution of earthquake 

epicenters with epicentral intensity of MM III and greater, as indicated 
by the total number per lO^km2 during the period 1800-1972. Contour inter 
vals are 0-4, more than 4 but less than 8, more than 8 but leas than 16, 
more than 16 but less than 32, more than 32 but lesa than 64, and more than 
64. The contours are considerably generalized and are shown only aa a guide 
for estimating regional seismicity. They have no value for precise location 
of seismic boundaries

NOTE: This map was compiled in 1973 from earthquake data of the Environmental 
Data Service of the National Oceanic and Atmospheric Administration and 
from data of the Dominion Observatory, Ottawa, Canada

SCALE 1:5,000.000 

1 inch equals approximately 80 miles
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Fig. 38. Map of seismicity in the southeast Georgia Embayment
area (explanation! 
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The Charleston earthquake of 1886 was an exceptionally severe one 

which was felt as far away as Boston, Green Bay, Cuba, and Bermuda 

(Dutton, 1889). Isoseismals for this event are shown in Fig. 39.

The possibility of a northwest trend of epicenters across South 

Carolina is noted by Hadley and Devine (1974, p. 6) (see Fig. 38 ) 

but they state that it may or may not indicate real structural effects 

and a similar view has been expressed by Tarr and King (1973). Conversely, 

Woollard (1969), Bollinger (1972), and Sbar and Sykes (1973) have all argued 

that a northwest trend to seismicity exists, extending approximately through 

Charleston, A plot of epicenters recorded between January 1961 and June 

1974 is shown in Fig. 40. Epicenter location data obtained since 1961 

are considered more dependable than older data and this plot may show an 

indication of tht northwest trend. Epicenters at the northwest end of the 

trend might be associated with an Appalachian group of earthquakes. 

However, although there may be an Appalachian group, the Appalachians 

could simply be acting as a stress concentrator and fractures on which 

movement occurs need not necessarily parallel the Appalachian trend.

The hypothesized Charleston seismic trend lies along a small circle 

about the early opening pole for the North Atlantic (Sbar and Sykes, 

1973, p. 1876) and has been considered an extension of the "Blake Spur" 

Fracture Zone (Emery and Uchupi, 1972, p. 145). Sbar and Sykes (1973) 

point out that several of the largest earthquakes in eastern North 

America have occurred near inferred extensions of oceanic fracture zones 

and suggest that fractures may be anticipated within a block at such 

locations. Thus, it is possible that an active fault exists that 

developed during the Mesozoic, perhaps simultaneous with formation of the
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Fig. 39. Isoseismals of the 1886 Charleston earthquake (Dutton, 1889)
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Pig. 40. Epicenters of all earthquakes recorded from 

January 1961 to June 1974. Date from Hypocenter 

Data File, National Geophysical and Solar- 

Terrestrial Data Center NOAA, Boulder, Colorado.
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parallel diabase dikes of the Piedmont.

Long (1975) has suggested that some of the seismic!ty in the 

Charleston trend results from stress concentration due to inhomo- 

geneities in crustal structure which are suggested by gravity anoma 

lies. Popenoe (1975, person comm.) has suggested the same 

relationship, also based on gravity data for the epicenter(s) of 

the 1886 Charleston earthquake and indicates that the density contrast 

producing the gravity anomaly is likely to be due to a mafic intrusion. 

Thus, the hypothesis of a similarity of the feature localizing faulting 

and the northwest trending Mesozoic mafic dikes of the Piedmont is reinforced.

Several lineations in magnetic anomalies (terminations and offsets) 

also seem to parallel this northwest direction as shown in the map of east 

coast magnetic anomalies published by Taylor, Zietz, and Dennis (1968). 

Some possible evidence for faults in the strata of the continental 

shelf oh the Charleston trend has also been reported (Dillon, 1974).

In summary, the possible trend of seismicity and the size of the 

1886 Charleston earthquake are two factors of concern in evaluating 

the Southeast Georgia Embayment for seismic risk. We are not sure 

whether the earthquake result from faults which break the surface. As 

pointed out by Tarr and King (1973), there are some unanswered funda 

mental questions concerning earthquake mechanisms, such as the 

susceptibility of the Charleston area to another'large earthquake 

and the expectable maximum intensity.
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In general, the areas away from the Charleston zone of earthquakes 

show extremely low seismicity and therefore should have relatively 

low seismic risk. In contrast, Stewart (1975) has examined leveling 

data which indicate upwarping of the land surface near Southport, 

North Carolina, on the Cape Fear Arch and has concluded that "a major 

earthquake is a likely event within the next few decades or less". 

Conditions causing concern in this area include: (1) rise of land 

surface at 5 to 6 mm per year, (2) artesian pressures in the sediments 

immediately above bedrock, reaching heads greater than 30 m above 

land surface, and (3) salty ground water at unusually shallow depths 

along the Cape Fear River (R. C, Heath, 1975, written comm.). Therefore, 

care probably should be taken with regard to location and strength of 

structures in this area also.
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D - Potential Drilling Hazards

In addition to drilling hazards noted above related to weather 

conditions, currents, support of structures, earthquakes, etc., shallow 

hazards and geopressures are potential problems.

1. Shallow Hazards

Shallow or near bottom features that could present natural hazards 

include gas at shallow depths , hydrogen sulphide (sour gas), ground 

water outflows, and surface or near-surface faulting. Of these hazards, 

only outflows have been documented in the Southeast Georgia Embayment 

area, although some or all of the other hazards may also be present. 

Effects of groundwater flows are discussed in section V. E, below.

2. Geopressures

Geopressures (abnormal subsurface fluid pressures) are caused by 

rapid sedimentation, compaction and diagenesis of sediment associated 

often with shale and salt diapirs and faulting. Such pressures may 

lead to blowouts if proper precautions are not taken during drilling. 

Geopressures are commonly reported in the Tertiary and Mesozoic sequences 

of the Gulf Coast. However, in that area, geopressures are handled 

successfully on a routine basis. A mud weight of 15.5 pounds was 

required for one Sable Island test, and another east coast Canadian 

well encountered gradients of 0.73 psi/ft. A gradient of 0.465 psi/ft 

and 9 Ibs/gal. mud weight are considered normal.
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E. Possible Effects on Aquifers

Improper well completion or trenching practices could cause 

contamination of artesian aquifers in the Southeast Georgia Embayment, 

where the so-called principal artesian aquifer (known as the Floridan 

aquifer in Florida) is very extensively employed. Many municipalities 

along the coast depend entirely, or in part, on this aquifer for their 

freshwater supplies, including Savannah and Brunswick,, Georgia and

Jacksonville, Daytona Beach, Cape Kennedy, and Orlando, Florida (Counts 

and Donsky, 1963; Klein, 1971; W. Leve, 1975, written comm.). 

1. Nature of the Aquifer

The principal artesian or Floridan aquifer is artesian (as the 

name implies) due to the geometry of the dipping strata of the coastal 

plain and their varying permeability, as diagrammed in Fig. 41. 

This aquifer consists of Eocene, Oligocene and Miocene limestone containing 

beds of dolomite, sand, silt, clay, and marl (Callahan, 1964). Limestones 

of the Ocala Group (late Eocene age) occur as part of the aquifer in 

Florida, Georgia, and South Carolina; the Eocene Castle Hayne limestone 

is apparently equivalent in North Carolina. Most of the water is produced 

from Eocene and Oligocene limestones in the Savannah area (Counts and 

Donsky, 1963). In Florida, the lower part of the aquifer consists of 

highly cavernous dolomitic limestone, ranging in age from early Eocene 

to Paleocene. The unit has been named the "Boulder Zone", because of 

its drilling characteristics, although no boulders exist. The Boulder 

Zone probably contains nonpotable water throughout the state (Klein, 

1971). Potable water is generally produced from permeable zones in 

the limestone and from solution cavities in the upper part of the aquifer 

in Florida,
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 Diagrammatic section of principal artesian aquifer, showing theoretical fresh water-salt water Interface.

Fig. 41 _ From Counts and Donsky (1963, Fig. 9)
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The principal artesian aquifer (called Floridan aquifer in Florida) 

underlays all of Florida and the coastal plains of Georgia, South 

Carolina, and North Carolina (Callahan, 1964; Stringfield, 1966; Vernon, 

1973). Contours on the top of the aquifer are shown in Fig. 42 . 

The depth to the top of the aquifer in the Southeast Georgia Embayment is 

greatest in the Brunswick, Georgia-Fernandina, Florida area and approaches 

a sea floor outcrop near Parris Island, South Carolina, and Daytona Beach, 

Florida. The depth of the base of potable water is approximately 

600m in the Jacksonville, Florida-Brttnswick, Georgia area and freshwater 

is being obtained at depths of 760 m near the South Carolina coast 

(H. Counts, 1975, oral comm.). The principal artesian (Floridan) aquifer 

contains salt water at Parris Island, South Carolina, and Daytona Beach, 

Florida (H. E. Gill, 1975, written comm.). Chloride content in waters 

in the aquifer is shown in Fig. 43.

It is clear that the principal artesian aquifer extends offshore 

beneath the continental shelf. Freshwater from this aquifer flowed 

from the drill pipe at JOIDES hole J-l on the inner shelf 40 km off 

Jacksonville, and slightly saline water was obtained at hole J-2 on 

the outer shelf 120 km from the coast (Fig. 44 ) (Manheim, 1967). 

Brackish water was obtained from the deepest sample of hole J-5 on the 

Florida-Hatteras slope from upper Eocene deposits. The most permeable 

and probably freshest zones are likely to be under-represented in Fig. 

44 , because measurements were made on water extracted from cores and 

core recovery was believed to be poor in highly permeable strata. In 

the Savannah area, the present fresh water-salt water contact in the 

aquifer is thought to be farther seaward than would be predicted from 

a static balance based on position of sea-level and the head of water in
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Contour map of top of principal artesian aquifer. (Florida, from Vernon, 1955; Georgia, from Warren, 1944.)

Fig. 42 - From Stringfleld (1966, Fig. 23)
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Map showing areas where water of the principal artesian aquifer has more than 100 ppm of chloride.

Fig. 43- From Stringfield (1966, Fig. 36)
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FERNANDINA
Km. FROM SHORELINE

.». Distribution of chlorinity in interstitial waters squeezed from 
JOIDES cores. Data on chlorinity in water wells at Jacksonville and Fernandina, 
Florida, were provided by G.W. Leve, U.S.G.S., Jacksonville. Double vertical lines 
designate position of offshore holes.

Fig. 44 - From Manheim (1967, Fig. 5)
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the aquifer (Counts and Donsky, 1963). This is considered to be due to 

flushing of salt water from the aquifer during Pleistocene sea-level 

lowering and a lag in landward movement of the salt-fresh interface 

after sea-level rise. Freshwater apparently persists in the offshore 

part of the aquifer as far as Cape Lookout, North Carolina, where it is 

believed to extend a few miles offshore, whereas north of Cape Lookout 

all offshore beds contain salty water (R. C. Heath, written comm.). 

Offshore spring also provide evidence for offshore extension of the 

aquifer (Callahan, 1965; Stringfield, 1966; Manheim, 1967) and locations 

of some of these are shown in Fig. 45. Submarine springs are formed 

by breaches in the confining bed of the aquifer, of course, and represent 

locations where ocean water can enter the aquifer if head is not main 

tained. Such saltwater intrusion apparently is happening in the Savannah 

area (Counts and Donsky, 1963). The deeper parts of the principal artesian 

(Floridan) aquifer beneath much of the Florida platform are considered 

to be open to slow circulation of ocean water driven by geothermal 

heating (Kohcut, 1965; 1965; Henry and Kohout, 1972). This probably has 

caused accelerated solution of rocks to form caves and sinkholes.

An estimate of the appearance of the piezometric surface before 

extensive use of ground water is presented in Fig. 45. in contrast, 

Fig. 4b shows the 1961 surface which is marked by several cones of 

depression caused by pumping in areas of dense population, notably at 

Savannah, Brunswick, Georgia, and Fernandina Beach, Florida. 

2. Saltwater Intrusion

Along the coast of the Southeast Georgia Embayment, the principal 

artesian aquifer has been affected by saltwater intrusion. This has
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.,, Estimated pi ezometric mapof the principal aquifer of the southeastern 
Atlantic coast of the United States. The contours are based on data from Warren 
(1944), Siple (1952, 1955). Stringfield (1964) and Stringfield and Le Grand (1966). 
The contours estimate the height in meters above sea level.to which waters would 
have risen in drill holes penetrating the aquifer before extensive use of ground water 
by man (about 1880). Present day maps show piezometric depressions in urban and 
highly populated areas, but Stringfield (1967) indicates that levels in recharge areas 
and less populated zones around the mean be taken to roughly approximate "original" 
aquifer conditions. The 200 m contour offshore indicates depth of the sea bottom 
below sea level.

The points of the arrows show the approximate position of reported submarine 
discharge near the coast. Land reference points and recent references are given 
where available:

A. Off Beaufort, South Carolina (Callahan, 1964).
B. Off Crescent Beach, Florida (Brooks, 1961).
C. South of Daytona Beach, Florida (Sanford & Matson, 1913; Stringfield, 1966).
D. Northeast of Cape Kennedy, Florida (Brown el al., 1962).
E. 30 km seaward of Eau Gallic, Florida (Brown et al., 1962).
F. Biscayne Bay, Miami, Florida (Kohout, 1965).

Fig. 45 - From Manheim (1967, Fig. 1). References are to be found in that

article* 
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AREAS OF THE PIEZOMETRIC 

SURFACE IN FLORIDA

Represent the height to which water 
would rite in tightly eaied wells in 
1961. Tick* indicate depreeeion. 
Contour interval 10 feet; datum 
it mtan tea Itvel

9_____so

1 Jackson County area
2 Wakulla County area
3 Madison County area
4 Suwannee River area
5 Putnam County area
6 Marion County area
7 Volusia County area
8 Citrus County area
9 Pasco County area

10 Hillsoorough County area
11 Polk County area
12 Southern Florida

Piezometric surface of water in the principal artesian aquifer, 1961. (From Healy, 1962; Stewart and
Croft, 1960; and Warren, 1944.)

Fig. 4o - From Stringfield (1966, Fig. 29)
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occurred in two ways, first by movement of seawater into the aquifer 

and its migration horizontally to areas of heavy pumpage, and second 

by migration of salty water upward from deep parts of the aquifer or 

through underlying confining beds.

An example of seawater migration into an aquifer apparently is 

provided at Savannah, Georgia. There, seawater enters the aquifer in 

the sounds of coastal South Carolina and offshore where the aquifer is 

exposed on the sea floor (Callahan, 1964; Krause and Gregg, 1972). This 

seawater then moves down the hydraulic gradient toward the cone of 

depression caused by pumpage at Savannah. Rates of water movement in 

the aquifer are relatively slow, perhaps less than 10 m/yr. (Manheim, 

1967) and at double the present rate of pumping, it has been estimated 

that it will take perhaps as long as a century for the saltwater-fresh 

water interface to migrate the 24 km necessary to reach Savannah 

(Counts and Donsky, 1963).

Counts and Donsky (1963) suggest that such lateral migration of 

seawater is the most likely source of contamination for Savannah's 

ground-water supply, but to the south of Savannah the aquifer is exposed 

on the ocean floor only further to the east, and thus migration of 

ocean water into areas where pumping occurs is of less concern. However, 

migration of salty water which already exists in the aquifer can also 

cause contamination. Salty water occurs in the lower part of the aquifer 

at Savannah (Counts and Donsky, 1963) and also at Brunswick, Georgia, 

where salty and fresh water interfinger. At Fernandina, Florida, chloride 

content has increased in the lower part of the aquifer (Callahan, 1964). 

Upward migration of salty water has caused contamination of wells at
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Brunswick, Georgia. Apparently, trapped brackish water moves upward 

due to heavy pumpage (over one hundred million gallons per day) which 

has reduced the head in the principal artesian aquifer (Wait, 1965).

The examples given above of contamination of the principle 

artesian aquifer by salty water indicate that care must be exercised 

in any activity which penetrates it or its confining beds. Obviously, 

open holes penetrating the aquifer can allow an artesian flow which 

will lower the head, thus increasing the likelihood of saltwater 

contamination. Breaching of the upper confining beds beneath the 

ocean also can create the possibility of seawater intrusion into the 

aquifer closer to pumping locations that is the case with the present 

natural openings in the confining beds. Thus, the conditions which 

result in seawater encroachment near Savannah, could be duplicated 

further south where they do not presently exist. In this regard, the 

breaking of the upper confining beds by trenching to bury pipelines is 

probably a more serious potential problem than opening by drill holes 

because the area opened during a trenching operation would be much 

larger.

Openings between layers within the aquifer can also lead to salt 

water contamination as is indicated by the example of Brunswick, Georgia. 

Counts and Donsky (1963) note that, although saltwater is present in 

materials underlying the principal artesian aquifer throughout the 

Savannah area, vertical movement is largely sealed by a layer of clay, 

silt, and marl about 30 m thick. Clearly, if such aquicludes, which 

separate freshwater and saltwater zones, are opened by drilling, contami 

nation can be initiated or accelerated. Such contamination has taken
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place in the Indian River citrus belt in St. Lucie, Indian River, and 

Brevard counties, Florida, where heavy pumping from irrigation wells 

has permitted upward movement of water from more saline parts of the 

aquifer through open-bore wells which were inadequately cased (Klein, 

1971). In order to prevent deleterious effects, surface casing should 

be set below the depth of potable water, abandoned holes should be 

properly sealed and plugged, and burial of pipes probably should not be 

carried out in locations where thin aquicludes occur above the aquifer. 

An alternative to the latter suggestion would be to backfill with 

impermeable materials after trenching, if that is possible. 

3. Summary and Conclusions

Perhaps the most valuable natural resource in the region of the 

Southeast Georgia Embayment is its water supply, with much of that 

coming from the principle artesian (Floridan) aquifer. Callahan (1964, 

p. 40) states that "the potential yield of this aquifer is very large 

and...with good management this yield can be sustained almost indefinitely" 

However, water quality problems have arisen, in Brunswick and Savannah, 

Georgia, and efforts should be made to avoid creating such problems in 

other locations. Vertical migration of contaminating water can be 

initiated or encouraged by poor well completion practices. Artesian 

flow of water into the ocean can result in loss of head and subsequent 

saltwater intrusion. It is necessary to set surface casing below the 

depth of potable water in the aquifer, and abandoned holes must be 

plugged. Trenching which permanently would remove confining beds above 

the aquifer near shore should be avoided.
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As pointed out by Leve (G. W. Leve, 1975, written comm.):

"Much beneficial information could be obtained on water 
resources by petroleum exploration programs. For example, 
many of our investigations (model studies) in coastal 
regions require knowledge of the extent and thickness 
of the aquifers offshore and the quality and quantity 
of water in these aquifers. Any information that could 
be obtained by seismic profiles, test drilling, logging, 
drill stem tests, etc. would aid in appraising the total 
water resources in coastal areas."

An effort should be made to provide as much as possible of the informa 

tion developed in the petroleum search to those involved in water 

resources development.
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F. Man-made Hazards

Man-made hazards in this area may include such objects or activities 

as: unexplored arsenal dumps and depth charges, sunken ships, dump sites 

for solid and chemical waste, shipping lanes to port cities (Savannah 

and Charleston) and cables on the sea bottom. Most of these hazards 

are well documented in navigation reports and charts.
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VI. Operational Considerations 

A. Technology

The technology required for exploration of areas in the South 

Atlantic OCS on the Continental shelf, in water depth of less than 

200 m is available, most of it being continuously demonstrated in 

the Gulf of Mexico OCS. Technology is not presently considered 

available, however, for all the operational phases of any potential 

development in areas from 200 m up to 600 m water depth (see Fig. 47;.

Most drilling units for exploratory drilling are in great 

demand and must be obtained from the Gulf of Mexico or other offshore 

areas. A recent offshore mobile rig count 275 total units in opera 

tion, 13 idle and 5 in transit, with an additional 163 units under 

construction or planned comprising 41 drill ships or drill barges, 

63 jack-ups and 59 semi-submersibles. (Offshore, 1975). It is 

estimated that 133 offshore rigs will be completed in 1975, and 

126 in 1976 (Ocean Oil Weekly Report, 1975, and see Table 5).

Table 5.  Size of drilling rigs under construction and projected 
(from Ocean Oil Weekly Report, 1975)

1974 1975 (estimate) 1976 (estimated
Size Land Offshore Land Offshore Land Offshore

5,000-10,000 ft 25 8 44 6 45 13
10,001-18,000 ft 42 22 40 37 45 17
18,001-and over 10 50 17 90 29 96

TOTALS 77 80 101 133 119 126

Offshore areas in the South Atlantic OCS which appear favorable for 

oil and gas exploration, based on presently available seismic data, occur 

from 48 km to about 137 km from shore in water depth from less than 20 m 

to 200 m. Most of those areas are in water depths of less than 100 m.
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The paucity of seismic data beyond 200 m has only identifed a few 

structures.

Technology is presently available to accomplish exploratory 

drilling as well as the construction of platforms to accomodate 

development drilling, production facilities and all other operations 

at the expected distances from shore and at water depth up to 200 m 

(see Fig. 47 and 48 ). Technology for drilling and completing (under 

water completions) wells at water depth up to 600 m and greater is 

considered to be available, however, production facilities and pipe^ 

line or storage systems are now considered to be in the research and 

development stage. Only prototype production systems have been 

tested for these depths with no complete system yet in a fully 

operational state anywhere in the world. 

B. Manpower

Most of the skilled manpower for exploratory drilling will have to 

come from other areas such as the Gulf of Mexico. The reservoir of 

skilled manpower for other operations, such as development drilling, 

production, and installation of platforms, pipelines and onshore 

facilities, is also relatively small throughout adjacent onshore areas 

due to the lack of previous petroleum development in the coastal 

portions of the South Atlantic seaboard states. Although the skilled 

manpower for most of these operations is expected to come from the 

Gulf of Mexico where there is a similar climatic environment, there 

should be adequate manpower in the South Atlantic seaboard states 

available for training. Also, it is possible that some personnel will 

be available from other Atlantic OCS areas by the time the first leases

are issued in the South Atlantic OCS.

198



World watcr-deplh records

two
OfMwt

192S 1940 1945 1950 19SS 19(0 

ti>i« C* Oil

194S 1971 197S 1910

Fig. 48 - World water-depth drilling records 
(from Oil and Gas Journal, 1975)

199



C. Time Frame

Although initial exploratory drilling may be commenced within 

months following a lease sale, the time frame for significant development 

may be 4-5 years subsequent to a sale. It is estimated that it will be 

6-7 years after a sale until actual production is commenced and 12-16 

years until peak production for the area is attained. 

B. Infrastructure

Preliminary estimates of peak production and facilities requirements 

are highly speculative in the absence of demonstrated reserves of oil 

and gas.

Based on the assumptions that the areas leased will contain 400 

million barrels of oil and 700 billion cubic feet of gas (being the 

mean of the estimated undiscovered recoverable resources), about 140 

oil wells, some of which will produce appreciable amounts of gas, and 

15 gas wells, contributing a significant amount of condensate and NGL, 

or 155 producible wells, will be needed, along with an additional 18 or 

more exploratory wells which will be dry holes. Also, there will need 

to be 10 drilling and production platforms, about 322 km of large 

diameter pipelines, and 2 onshore terminals. Peak daily production 

may reach 70,000 barrels of oil and 125 million cubic feet of gas.

Based on a 5 percent Resource Probability under which there is a 

1 in 20 chance that the areas leased will contain more than 1.5 billion 

barrels of oil and 2.8 trillion cubic feet of gas, about 400 oil wells, 

some of which will produce appreciable amounts of gas, and 40 gas wells, 

contributing a significant amount of condensate and NGL, or 440 producible 

wells, will be needed, along with an additional 45 or more exploratory 

wells. Also, there will nted to be 20-25 drilling
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and production platforms, about 800 km of large diameter pipelines 

and 4 onshore terminals. Peak daily production may reach 200,000 

barrels of oil and 400 million cubic feet of gas.

The above estimates are based on the assumption that the estimated 

undiscovered resources will be produced during a 25-30 year period 

following the date of initial production from development wells 

drilled at an average distance of 97 km from shore.
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VII Summary and Conclusions

The area designated for possible oil and gas lease sale in 

Bureau of Land Management memorandum 3310 #43 (722) and referred to 

therein as part of the United States South Atlantic Outer Continental 

Shelf (OCS) contains about 98,000 square kilometres of the continental 

margin seaward of the 3 mile offshore limit and within the 600 

metre isobath. The area, offshore of North Carolina, South Carolina, 

Georgia, and Florida, encompasses parts of three physiographic 

provinces: the Continental Shelf, the Florida-Hatteras Slope, and 

the Blake Plateau. The Continental Shelf has a gradient generally 

less than 50 m/km. Topographically, the shelf's surface is quite 

irregular and marked by extensive shoals off the major capes. Seaward 

of the shelf and separating it from the Blake Plateau is the Florida- 

Hatteras Slope with a gradient of around 7 m/km. Relief on the 

Florida-Hatteras Slope ranges from 700 m in the southern part of the 

area and decreases northward. The Blake Plateau is part of a 

relatively flat continental borderland that has been extensively 

eroded by the Gulf Stream.

Within the studied area, surficial sediments are predominently 

sand that becomes increasingly carbonate-rich both southward and 

seaward. Most of the sediments are derived from rivers, carbonate 

precipitation, and from authigenic processes. Much of the sediment 

transport on the shelf takes place in a cross-shelf direction.

The major structural features in the U.S. South Atlantic region
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are the Southeast Georgia Embayment, the Cape Fear Arch, and the 

Peninsular Arch. The Southeast Georgia Embayment is an east-plunging 

depression recessed into the Atlantic Coastal Plain between Cape 

Fear, North Carolina and Jacksonville, Florida. Basement rocks 

(rocks of pre-Cretaceous age with velocities in excess of 5.6 km/sec) 

dip seaward from the south flank of the Cape Fear Arch, which bounds 

the embayment on the north, and the Peninsular Arch which bounds the 

southeastern limit of the embayment. The basement surface beneath 

the basin slopes seaward at about 23 m/km to about 80 km offshore 

where the dip steepens greatly. The Cape Fear Arch is a southeast 

plunging basement nose extending from the Fall Line to at least the 

North Carolina coastline. The Peninsular Arch is the dominant posi 

tive subsurface feature in the southeastern United States and formed 

the backbone of the broad Florida Platform throughout most of Paleo 

zoic to Holocene time.

Gravity and magnetic anomalies within the area probably result 

from emplacement of magma bodies along linear features representing 

fundamental crustal boundaries. The most prominent magnetic feature 

of the continental margin is the East Coast Magnetic Anomaly which 

trends along the shelf-slope break north of the study area and 

bifurcates south of Cape Hatteras. One branch continues under the 

Blake Plateau and the other branch swings westward and apparently 

crosses the coast at Brunswick, Georgia. There is also a prominent 

positive free-air gravity anomaly trending along the shelf-slope 

boundary also bifurcating south of Cape Hatteras with one branch 

crossing the Georgia coast at about the same position as the magnetic 

anomaly. The segments of the gravity and magnetic anomalies that
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cross the Georgia coast have been interpreted as representing an 

ancient continental boundary where two formerly separate continental 

plates collided and were welded together. A group of magnetic and 

gravity anomalies south of Cape Remain herein called the "Cape 

Romain Anomalies" are interpreted as due to dense gabbroic intrur 

sions in the crust.

Seismic reflection profiles indicate that the present shelf was 

formed by upbuilding and outbuilding, and that the difference in 

elevation of the continental shelf and Blake Plateau is due solely 

to a more rapid Tertiary sedimentary buildup on the shelf than on 

the plateau. The dating of this accumulation is based on data from 

the early JOIDES cores. Refraction data indicate a minor basement (?)

ridge beneath the outer shelf between 30° and 32° N at 80° W. 

JOIDES data also suggest a gentle fold or an accretionary structure 

(reef?) off the east coast of Florida. Several other minor structural 

features have been identified by refraction and reflection techniques 

and drilling. These are named the Yamacraw Uplift, Burton High, Stono 

Arch, and Suwannee Channel. Late Cretaceous through late Eocene sedi 

mentation probably was influenced by the Suwannee Channel.

There may be as much as 5,500 m of sedimentary rocks in the 

Southeast Georgia Embayment (out to the 600 m water depth) which 

were deposited on crystalline basement rocks. Basement rocks beneath 

the Southeast Georgia Embayment are similar to those exposed in the 

Appalachian Piedmont province pre-Cretaceous granites, schists and 

other igneous and metamorphic rocks. Triassic deposits are likely to
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exist beneath the inner Continental Shelf and are believed to consist of 

nonmarine arkosic sandstones, shales, basalt flows, and diabase intru 

sions deposited in northeast-trending, relatively narrow grabens down- 

faulted in the basement rocks.

Rocks of possible Jurassic age have been described from the Esso 

Hatteras Light well and also from wells in the Bahamas. Jurassic 

marine carbonates in the Bahamas grade northward to carbonates, shales, 

sand, and arkose in North Carolina. Salt of Jurassic age may 

be present in the Southeast Georgia Embayment. Up to 4,000 m of 

Jurassic to Lower Cretacous rocks are expected out to the 600 m 

water depth. A thick wedge of Lower Cretaceous rocks probably under 

lies the Continental Shelf off Florida and Georgia. In southern 

Florida, shallow-water marine limestones and dolomites with beds 

of anhydrite make up the principal subsurface rock types. In coastal 

North Carolina, the Lower Cretaceous is a marine section made up of 

shales, sand and sandy limestone. Lower Cretaceous rocks have been 

dredged from the Blake Escarpment at depths from 2374 m to 4747 m. The 

Upper Cretaceous is composed almost entirely of marine carbonates in 

southern Florida. Northward, the rocks are nonmarine to marginal 

marine, sandstones and shales, and minor amounts of carbonates. In 

general, Upper Cretaceous rocks will probably maintain a fairly constant 

thickness (600 m) for the OCS and grade downdip from terrigenous sands 

to more marine chalks, limestones, and dolomites.

The Cenozoic rocks are predominantly shallow-water marine car- 

boanates in Florida grading northward into a marginal marine to marine 

clastic facies composed of sands marls, and limestones. From Late
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Cretaceous to late Eocene time ( the clastic and non-^clastic facies 

boundary was separated by the Suwannee Channel and has shifted 

northward through time. The offshore Cenozoic section has been 

penetrated by JOIDES and U.S. Coast Guard test holes and is expected 

to range in thickness from 600 m to 1100 m.

A reconstruction of the geologic history suggests that the present 

continental margin began to form as a result of continental rifting 

during Triassic time. During the remainder of the Mesozoic and 

Tertiary, while the North American and African plates drifted apart, 

more than 6 km of sediment may have been deposited, Deposition 

generally kept pace with subsidence creating a shallow water environ 

ment. Because of erosion by the Gulf Stream, Tertiary sediments are 

extremely thin on the Blake Plateau and somewhat thicker shoreward 

where they have formed the sedimentary accumulation which is the 

present Continental Shelf.

No commercial production of hydrocarbons has been developed on 

the Atlantic Coastal Plain immediately adjacent to the studied area 

even though hydrocarbon shows have been encountered in onshore Coastal 

Plain wells of North Carolina, and Florida. However, the Southeast 

Georgia Embayment has in the past been compared on certain parameters 

to producing areas such as the Tampico Embayment of Mexico and the 

Saudi Arabian side of the Persian Gulf. However, based on other para 

meters and differences in basin types and geology, these comparisons 

may not be justified. The area might be compared to the Senegal
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Basin on the west coast of Africa where the opposing continental 

margins appear symmetrical with respect to the tectonic and strati- 

graphic framework. The Southeast Georgia Embayment might best be 

compared to the South Florida Embayment on the basis of geographic 

proximity and similarity in depositional environments. Both basins 

contain shallow-water carbonates deposited on a slowly subsiding shelf 

without major interruptions from Jurassic through Upper Cretaceous 

time. Both basins even have the same relative thickness of strati- 

graphic units a thick Lower Cretaceous section with a relative thin 

Upper Cretaceous section.

The offshore Southeast Georgia Embayment appears to have the 

necessary elements for hydrocarbon production traps, source rocks, 

and reservoir rocks. Potential hydrocarbon traps are expected to 

be chiefly stratigraphic such as facies changes, updip pinchouts f 

reefs, and unconformities, although large drape structures and low 

relief anticlines will also be important. Based on all available 

well data, comments can be made on potential source rocks and 

reservoir rocks by geologic age, Nonmetamorphosed Paleozoic rocks will 

probably make poor exploration targets because of the general lack of 

reservoir rocks and the lengthy exposure to sub-aerial processes 

Most Triassic rocks in the Southeast Georgia Embayment have little 

hydrocarbon generating potential because of the continental to 

brackish water oxidizing environments in which the rocks were deposited,
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However, the sands of these units might make good reservoirs. 

The Jurassic section is a prolific hydrocarbon producer in the Gulf 

Coast and in the giant Jay Field in northwest Florida and should 

offer promising prospects for hydrocarbon production in the South-* 

east Georgia Embayment. A thick section of porous dolomite and 

limestone which would make excellent reservoir rocks is expected 

offshore. The Lower Cretaceous section produces in the South Florida 

Embayment and is believed to offer the best possibility for hydro 

carbon entrapment in the Southeast Georgia Embayment because of the 

presence of seals, good reservoir rocks, and possible hydrocarbon 

source rocks. Lower Cretaceous anhydrite and shales are expected 

offshore and should make excellent hydrocarbon seals. Adequate porosity 

and permeability as well as cavernous porosity is expected from Lower 

Cretaceous rocks. The early Cretaceous may not have been a time of 

extensive oxidation of marine sediments, and organic rich carbonate 

muds in contact with potential reservoir rocks could provide significant 

source rocks. Approximately 300 m of black marine Lower Cretaceous 

shale has been penetrated by two DSDP holes and is probably equivalent 

to the 328 m of black marine shale that has been reported from a well 

drilled in the Bahamas. This could be an excellent source rock for 

Upper Jurassic and Lower Cretaceous reservoir rocks. Very stable 

shallow-water shelf conditions and slow rates of sedimentation during 

the Upper Cretaceous lessens the hydrocarbon potential of Upper Creta 

ceous rocks. The thin, shallow, and flushed Tertiary strata of the
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Southeast Georgia Embayment offer little possibility for commercial 

quantities of hydrocarbons.

Estimates of undiscovered recoverable oil and gas resources for 

the area under study have been prepared. The appraisal procedure 

consists of 1) carefully reviewing the available geological and 

geophysical data gathered by area specialists, 2) individual and 

collective appraisals of the areas using as references volumetric- 

yield procedures, basin analysis, Hendricks potential area categories, 

and other published appraisals, and 3) computer fitting of lognormal 

curves to the high, low, and modal values of the Resource Appraisal 

Group's assessment to compute the probability distribution for each 

province, and related statistical treatment. Statistical mean estimates 

for the undiscovered recoverable petroleum resources are calculated to be 

0.4 billion barrels of oil and 0.7 trillion cubic feet of gas. At 

the 5 percent probability level (1 in 20 chances), the undiscovered 

recoverable petroleum resources are calculated to be 1.5 billion barrels 

of oil and 2.8 trillion cubic feet of gas. These undiscovered recoverable 

petroleum resources are those quantities of oil and gas that may be 

reasonably expected to exist in favorable settings, but which have not 

yet been identified by drilling. Such estimates therefore carry a high 

degree of uncertainty.

The general paucity of "reserves" of hard minerals (other than oil 

and gas) of the U.S. Atlantic OCS area appears to result not from 

insufficient sampling, but from an actual dearth of such minerals. Sand 

and gravel deposits most likely available now for economic extraction 

are large even though only partly evaluated. Reserves on the U.S.

Atlantic OCS (including the Southeast Georgia Embayment area) are
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at least 450 billion tons of dry sand and at least 1.4 billion tons 

of gravel. The total amount of gravel may exceed 50 billion tons 

and the inferred sand resources are probably 10 or more times greater 

than now estimated.

With respect to potential hazards, studies based on surface 

current drifters indicate probable oil spill trajectories, and show 

strong shoreward components of drift at some times of the year. The 

most notable shoreward drifts, resulting in very high recovery rates 

of drifters, are those toward the coast of northern Florida, with a 

rather strong concentration at Cape Canaveral. Weather conditions 

are generally not as severe as in areas to the north, but hurricanes 

and occasional severe storms occur. The irregular, shallow shelf may 

cause wave refractions which could prove dangerous,

Mud or possible peat layers, formed behind barrier beaches 

during a lower sea level, might occur on the shelf. Such layers 

probably would not provide good support characteristics. Ripple 

marks and crossbedding found in sediments of the outer shelf indicate 

the surficial sediment may be mobile.

The eastern United States, situated entirely within a single 

tectonic plate, experiences a low overall level of seismic activity 

with one or two local exceptions. A severe earthquake occurred at 

Char.leston in 1886 and the Charleston area has had a distinctly higher 

seismicity than the rest of the southeastern United States east of 

the Appalachians. It has also been suggested that precursors for an
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earthquake have been recognized in the Cape Fear area.

The most utilized aquifer in the Southeast Georgia Embayment 

area is the "principal artesian" or "Floridan" aquifer in Tertiary 

limestone. It is locally affected by salt water intrusion from 

both salty zones within the aquifer and the ocean. Precautions are 

required during well completion and trenching to avoid exacerbating 

these problems. Solution caverns, expected in the limestones of the 

southern part of the area, could cause difficulty in drilling or 

perhaps collapse, resulting in damage to bottom-mounted platforms and 

possible leakage of water or oil.

With respect to operational considerations, the technology for 

petroleum exploration on the Continental Shelf in water depths of less 

than 200 m is available. Technology is not at present considered 

readily available, however, for all the operational phases of any 

potential development in water depths from 200 m up to 600 m water depth. 

Mobile drilling units are in great demand around the world and will 

have to be brought in from other areas, along with skilled manpower. 

Our highest estimates indicate that 20-25 platforms, 440 producing wells, 

800 km of pipeline, and 4 onshore terminals may be needed. The time 

frame for production, using our high estimates (at the 5% probability 

level) for the undiscovered recoverable resources, could include 4-5 years 

for significant development, 6-7 years until production commences, and 

12-16 years until peak production.
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Appendix I. Resource Appraisal by Geologic Province 

A. Province Summary Sheets

1. South Atlantic
2. Blake Plateau

B. Data Formats

1. South Atlantic
2. Blake Plateau
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ĉ

:

-^
 ;

/o
 <

v>

se
d

im
e
n
ta

ry
 
ro

ck
s 

in
 

th
e 

b
a
si

n
 

(b
y
 
v
o
lu

m
e)

: 
/
/
^
 

i 
/
 

.
.
'.
.
 
 
(
 i

^
t 

  
^-

/v
.-

*^
. 

i*
:/

i

N
um

be
r 

-*
51-

-

M
ag

n
it

u
d
e

^
 

"
g

 
5
/
1
 

//
//

./
./

,V
/ 

V
.i

.^
.r

 
'

r/^
X 

:5
 

5
" 

yv
y/

./
./

^/
 

^
>

u
v

^

-1
0-



5.
 
'P

re
se

nc
e 

of
 
ex

ce
pt

io
na

l 
ge

ol
og

ic
 
fe

at
ur

es
; 

de
po
si
ti
on
al
 o

r 
st

ru
ct

ur
al

 
(s
uc
h 

as
 
re
ef
s,
 
de
lt
as
, 

sa
lt

 
do

me
s 

or
'd
ia
pl
rs
, 

st
ra
t 

pi
nc
ho
ut
s,
 
et
c.
);
 

If
 t

na
ps
 
ar

e 
av
ai
la
bl
e 

on
 
th
e 

lo
ca
ti
on
 o

f 
su

ch
 
fe
at
ur
es
 
pl

ea
se

 
in
di
ca
te
.

Ty
pe
s

Ge
ol

og
ic

 
Ag

e
As

so
ci

at
ed

 L
it
ho
lo
gi
es

Ma
pp
ed

a. b. 
Sr

/r
xv

r
f.
S-
ri
/X

 - 
. v
.w

A
 7
' 
/V

f 
'"
/ 
//

x/
r

//

d.

to

*6
. 

Th
e 

pr
es
en
ce
' 
of

 
kn

ow
n 

or
 
po
te
nt

ia
l 

st
ra
ti
gr
ap
hi
c 

tr
ap

s:

T
ra

p
 

T
yp

e

a.
 

ff
&

t?
/?

 ?
,

b.
 

S
>

T
K

A
T

 
ft

W
W

tn

c. d. e
.

G
eo

lo
g

ic
 

A
ge

X
<

 
X

/^
O

t/
^
"

-: 
J
<

 
/ 

f\
')

/r

P
ro

d
u

c
ti

v
e

A;^
> *J
»

N
o
n
-p

ro
d
u
ct

iv
e

A
Sr

t

M
'>

P
ro

sp
ec

ti
ve

y--
 ^. >'< 
 *

;

K
ao

oe
d

/J
o

\ 
/u

*

»

-1
1-



7.
 
-E
va
po
ri
te
s 

an
d 

th
ei
r 

re
la

ti
on

sh
ip

s 
to

 
ma

jo
r 

re
se
rv
oi
rs
:

Pr
es

en
t 

(C
he
ck
 
on

e)
Ac
t 

as
 
se
al
s 

to
 m
aj
or
 
re
se
rv
oi
rs
 

Ye
s 

No

a.
 

No
 
ev
ap
or
it
es
 
in

 
se
ct
io
n

b.
 

Ev
ap
or
it
es
 
ab

ov
e 

po
te
nt
ia
l 

re
se
rv
oi
rs

c.
 

Ev
ap
or
it
es
 
be
lo
w 

po
te

nt
ia

l 
re
se
rv
oi
rs

d.
 

If
ra
po
ri
te
s 

ab
ov

e,
 
be
lo
w 

an
d 
wi

th
in

 p
ot
en
ti
al
 
se
ct
io
ns

8.
 

Ge
ot
he
na
al
 
hi
st
or
y:

a.
 

Th
e 

pr
es
en
ce
 
of

 
ig

ne
ou

s 
ro
ck
 o

cc
ur

re
nc

e 
in
 
th

e 
se
di
me
nt
ar
y 

ro
ck
 
se
ct
io
n:

(C
he
ck
 o

ne
)

(1
) 

No
ne

(2
) 

Ra
re

(3
) 

Oc
ca
ss
io
na
l

(4
) 

Fr
eq

ue
nt

(5
) 

In
fo

rm
at

io
n 

Un
av
ai
la
bl
e-

b.
 
Ha

ve
 

an
y 

st
ud
ie
s 

be
en

 m
ad

e 
on

 
th

e 
ma
tu
ra
ti
on
 
of
 
or
ga
ni
cs
 
wi

th
in

 
th

e 
se
di
me
nt
ar
y 

se
ct

io
n?

.c
. 

If
 
"y

es
" 

to
 
8b
, 

pl
ea
se
 
co

mm
en

t 
on

 
re

su
lt

s 
an
d 

in
di

ca
te

 
so

ur
ce

 
of

 
in
fo
rm
at
io
n;

Y
es

 
1

N
o 

1
U

n
ce

rt
ai

n
 

'

^

A

-1
2-



*D
. 

St
ru
ct
ur
al
 
as

pe
ct

s:

*1
. 

Ty
pe

 
of

 
ba
si
n 

(o
r 

ba
si
ns
) 

in
cl
ud
ed
 w

it
hi

n 
pr
ov
in
ce
 
(s

ee
 
Ba

si
n 

Cl
as
si
fi
ca
ti
on
 
in
 
in

st
ru

ct
io

ns
)

to
 

*» 00

2
. 

S
tr

u
c
tu

ra
l 

b
as

in
 

g
eo

m
et

ry
:

a.
 

A
sy

n
ra

et
ri

ca
l

b
. 

S
y
n
cn

et
ri

ca
l-

-g
en

tl
e 

sl
o
p
es

c.
 

S
y
n
sn

e
tr

ic
a
l 

st
e
e
p
 

sl
o
p
es

d
. 

In
fo

rm
at

io
n

 
u

n
av

ai
la

b
le

(C
he
ck
 o

ne
)

3.
 

Pr
es
en
ce
 
of

 
re

gi
on

al
 
st
ru
ct

ur
al

 
or

 
er

os
io

na
l 

hi
gh

s:

a.
 

Kn
ow

n 
hi
gh
s 

b.
 

Su
sp

ec
te

d 
hi
gh
s 

c.
 

Re
gi
on
al
 
hi

gh
s:

 

Pr
ob
ab
le

Y
es

.

I
/

N
o 

|
E

st
im

at
ed

 
N

um
be

r

U
Vr

ftJ
O

ii/
tJ

M
ap

pe
d

/J
A

1 
Na
tu
re
 
or

 
Or

ig
in

Ge
ne

ra
l 

Ge
om

et
ry

Ma
gn
it
ud
e 

(i
n 

fe
et
)(
cl
os
ur
e,
 
re

li
ef

)

-1
3-



F.
 

Pr
es

en
ce

 
of

 
cu

rr
en

t 
no
n-
pr
od
uc
ib
le
 
hy
dr
oc
ar
bo
ns
 
in
 
th

e 
pr
ov
in
ce
:

1.
 

Pr
es
en
ce
 
of

 
na

tu
ra

l 
oi

l 
an

d 
ga

s 
se
ep
s:

Ex
te

nt
* 

No
ne

 
  
Mi

no
r 

!
* 

I 
^ 

. 
*

a.
 

Oi
l 

b.
 

Ga
s

c.
 

NG
L

d.
 

Co
mb
in
at
io
ns
 
of

 
ab

ov
e

2.
 

In
di

ca
te

 
wh

et
he

r 
th

e 
fo
ll
ow
in
g 

ar
e 

kn
ow

n 
to
 
oc
cu
r 

wi
th

in
 
th

e 
pr
ov
in
ce
:

N
on

e 
'

/f
A

Jd
jj

A
J

   
 
 <

^
  
 

-
 
 Ju

  

ve

  
M

in
or

S
ig

n
if

ic
a
n
t 

'
A

bu
nd

an
t

Ye
s

a.
 

He
av
y 

oi
ls

 
(A
PI
 
gr

av
it

y 
le
ss
 
th
an
 
12
) 

_
_
_
 

b.
 

Ta
r 

sa
nd

s 
. 
_
_
_
 

c.
 

Oi
l 

sh
al

es
 

_
_
_
 

d.
 

Ti
gh

t 
ga
s 

sa
nd

s 
  

_
_
_
 

e.
 

Ot
he
r 
bi

tu
me

n 
or

 
so

li
d 

hy
dr

oc
ar

bo
ns

 
^
J
_
_
 

f.
 

Si
gn
if
ic
an
t 

oi
l 

an
d 

ga
s 

sh
ow
s 

_
_
_
 

*G
. 

Of
fs
ho
re
 
pr
ov
in
ce
 
in
fo
rm
at
io
n:

1.
 

In
 
of
fs
ho
re
 
pr
ov
in
ce
s 

in
di

ca
te

 
th

e 
de
pt
hs
 
of
 w

at
er

: 

a.
 

Av
er

ag
e 

wa
te
r 

de
pt

h 
_
_
_
_
_
_
_
_
 
 
 
 

fe
ef
ei
  

b.
 

Mo
st

 
re

as
on

ab
le

 
ma

xi
mu

m 
wa

te
r 

de
pt
h

No
Un

kn
ow

n

u 
(
S
'
O
O
O
 A

/)

c.
 

Mo
st
 
re
as
on
ab
le
 
mi

ni
mu

m 
wa

te
r 

de
pt

h
fe

et
.

-1
6-



*2
. 

Fo
r 

th
e 

fo
ll
ow
in
g 

ca
te
go
ri
es
 
of

 w
at
er
 
de

pt
hs

 
in

di
ca

te
 
th
e 

ar
ea
 o

f 
th
e 

pr
ov

in
ce

 
re

pr
es

en
te

d,
 
an

d 
th
e 

se
di
me
nt
 
th
ic
kn
es
se
s 

un
de
rl
yi
ng
 e

ac
h 

de
pt

h 
ca
te
go
ry
:

D
ep

th
 c

a
te

g
o

ri
e
s

0-
20

0 
m

et
er

s

20
0-

10
00

 
m

et
er

s

10
00

-2
50

0 
m

et
er

s

G
re

at
er

 
th

an
 

25
00

 m
et

er
s

A
re

a 
o

f 
p

ro
v

in
ce

 
Z 

o
r 

sq
u
ar

e 
m

il
es

/
J
d
/
J
^

 
 S

'4
T*

Z
^ 

J
0

*
/»

^$
C

*
&

A
ve

ra
ge

 
se

d
im

en
t 

th
ic

k
n
es

s

-^
 

*7
 

K
»

 ^
 t

> 
k
tf

~
t
 

K
H

R
em

ar
ks

. t
-S

'/
'/
rV

/l
 '

;'
/.

'/
>

'  
  
  
 - 4

 /
> 

*

-  
 Ji

 <? 
 
 *

to
*I
V.
 

F
I
E
L
D
 
A
N
D
 
R
E
S
E
R
V
O
I
R
 
I
N
F
O
R
M
A
T
I
O
N
 
B
Y
 
P
R
O
V
I
N
C
E

*A
. 

Pr
od
uc
in
g 

re
se
rv
oi
rs
 
in

 
or
de
r 

of
 
im
po
rt
an
ce
 
of

 
gr

os
s 

OI
L 

po
te
nt
ia
ls
 
an
d/
or
 
pr
os
pe
ct
iv
e 

re
se
rv
oi
rs
: 

/)
/)
-7
- 

A
&
5
7
 
t/

UL
f*

/

Or
de
r

1 Z 3 4 5 6 7 8

Ge
ol

og
ic

 
Ag
e

Pr
in
ci
pa
l 

ho
ri
zo
n 

__
or
 p

ay
 
zo
ne

*^
i>
»

Li
th
ol
og
y

~
~
~
^
~
^

Ma
xi
mu
m 

th
ic
kn
es
s 

.o
f 

re
se
rv
oi
r

^^
  
 .
^
^
-
 
 
^

Ar
ea

l 
ex
te
nt
 

wi
th
in
 
pr

ov
in

ce
 

7. 
or
 
sq

ua
re

 
mi

le
s

^
"
^
"
^
 
 
 
 ̂
.

In
di
ca
te
 

Pr
od
uc
ti
ve
 
or
 

Pr
os

pe
ct

iv
e ~~
 

 

Cu
mu

la
ti

ve
 

Pr
od
uc
ti
on

~~
~~

-~
- 
-_

_^

Me
as
ur
ed
 
an
d/
or
 

In
di
ca
te
d 

Re
se
rv
es

*

^
~
-
\

\

-1
7-



*B
. 

P
ro

d
u

ci
n

g
 
re

se
rv

o
ir

s 
in

 
o

rd
e
r 

o'
f 

im
p
o
rt

an
ce

 
o
f 

g
ro

ss
 

G
/iS

 
an

d 
N

A
TU

RA
L 

G
A

S 
L

IQ
U

ID
 
p

o
te

n
ti

a
ls

 
a
n

d
/o

r 
p

ro
sp

e
c
ti

v
e
 

re
se

rv
o
ir

s:

Or
de
r

1 2 3 4 5 6 7 8

Ge
ol

og
ic

 
Ag
e >

^
>
v
.

Pr
in
ci
pa
l 

ho
ri

zo
n 

or
 
pa
y 

zo
ne

Li
th
ol
og
y

'"
--

Ma
xi

mu
m 

th
ic
kn
es
s 

of
 
re
se
rv
oi
r

^ 
.._

^

Ar
ea

l 
ex

te
nt

 
I 

wi
th
in
 
pr

ov
in

ce
 

7. 
or
 
sq

ua
re

 
mi
le
s

\
^

\
^

In
di

ca
te

 
'r
ed
uc
ti
ve
 
or
 

Pr
os

pe
ct

iv
e

\
^

\

Cu
mu

la
ti

ve
' 

Pr
od

uc
ti

on
 

GA
S

\
"
V
,

\
%

Me
as

ur
ed

 
an

d/
or

 
In
di
ca
te
d 

Re
se

rv
es

Cu
mu

la
ti

ve
 

Pr
od

uc
ti

on
 

NG
L

Me
as

ur
ed

 
or
 
In
di
es
 

Re
se
rv
es

en

*C
. 

Ch
ar

ac
te

ri
st

ic
s 

of
 m
aj
or
 
re
se
rv
oi
r 

be
ds
 
an

d/
or

 
pr

os
pe

ct
iv

e 
re

se
rv

oi
r 

be
ds

:

O
rd

er

1 2 3 4 5 6 7 8

G
eo

lo
g

ic
 

A
ge

TT
ur

av
x/

.'
C

*e
n/

*z

T
yp

e 
o

f 
tr

a
o
s

<
r
U

M
M

\

C 
"  
 e

$c
 ~

~

A
ve

ra
ge

 
P

o
ro

si
ty

jj
f 

_
_

_
_

 ̂

-  
  -

*.'
/ 

L
it

h
o
lo

g
y

t'W
-.

W
/

0

R
e
se

rv
o

ir
 

G
eo

m
et

ry

'.
-"

«
- 

C
 ̂

/;
 A

 V
l.

j' 
. 
 .

T
yp

e 
o
f 

S
e
a
ls

ti
  
 
 
 =>

,-'
'  

- 
. 

.

 

E
n

v
ir

o
n

m
en

t 
o
f 

d
e
p
o
si

ti
o
n

fl
A

K
iu

e-
S

, 
 

O
il

, 
G

as
, 

O
il

 
&

 
G

as

U
M

M
ti

ti
  

,

In
d

ic
at

e:
 

P
ro

d
u

ct
iv

e 
or

 
P

ro
sp

ec
ti

v
e.

F
A

os
rz

vT
yr

t
*

-1
8-



*D
. 

Ch
ar
ac
te
ri
za
ti
on
 o

f 
pr
ob
ab
le
 
so
ur
ce
 
be

ds
:

NJ cn

O
rd

er 1 2 3 4 5 6 7 8

G
eo

lo
gi

c 
A

ge

3b
r<

r»c
<:/

<'
fa

er
At

ri

G
ro

ss
 'M

ax
im

um
 

T
hi

ck
ne

ss

 ^
T

-O
A

J^
A

/d
lJ

/;

\'J
T. 
 
 

«^
(a

 
-

G
ro

ss
 

M
ax

im
um

 
V

ol
um

e

-  
 
 
 
 
 
 
 >

 
 

<y
-s)

 
 

.L
it

h
o

lo
g

y

^
^
C

Jj
f 

v
 

A
//J

P?

 
 J

n 
-

E
st

im
at

ed
 

N
um

be
r 

of
 

be
ds

U
.M

jo
jd

jJx
;

-
^
,
-
-
-

M
ar

in
e

y.^ t

N
on

- m
ar

in
e

/J
/.

/-
>

R
ea

so
na

bl
e 

P
ro

x
im

it
y

 
o
f 

R
es

er
v
o
ir

 
B

ed
s 

Y
es

 
I 

No

U
V

K
fJ

&
lJ

fi
S

 
 A 

<K 
' 

*

Ch
ar
ac
 

Or
de

r

1 2 3 4 5 6 7 8

te
ri

za
ti

on
 o

f

Ge
ol

og
ic

 
A
g
f
t
^
^

ma
jo

r 
se
al
s 

Li
th

ol
og

y

^
~
^
-

in
 
th
e 

st
ra

ti
gr

ap
hi

c 
se

ct
io

r

Si
gn

if
ic

an
t 

Hy
dr

od
yn

am
ic

 
co

nd
it

io
ns

Ye
s

^
_
^
^
^

N
o

^
_
"
^
-

i:
U/

J/
f/

J6
\J Se

 
Co
nt
in
uo
us

 _
 -

iJ
 

al
s Di

sc
on

ti
nu

ou
s



to Ul U)

1.
 

To
ta
l 

pr
od
uc
ti
on

2.
 

Me
as

ur
ed

 
re
se
rv
es

3.
 

In
di
ca
te
d 

re
se

rv
es

4.
 

In
fe

rr
ed

 
re

se
rv

es

T!
5.

 
U

n
d

is
co

v
er

ed
 

re
co

v
er

ab
le

 
re

so
u

rc
es

6.
 

E
st

im
at

ed
 
o

ri
g

in
a
l 

o
il

-i
n

-p
la

c
e
 

C
. 

E
x
p
lo

ra
ti

o
n
 

an
d 

de
ve

lo
pm

en
t 

in
fo

rm
at

io
n
: 

1.
 

D
at

e 
o
f 

fi
rs

t 
p
ro

d
u
ci

n
g
 w

e
ll

:

a
. 

O
il

 _
_
_
_
_
_
_
_
_
_
_
'

i 
,/

b
. 

G
as

 
*

Cr
ud
e 

Oi
l

Na
tu
ra
l 

li
as

 
Li

qu
id

s

'

Na
tu

ra
l 

ua
s

As
so
ci
at
ed

No
n-

 A
ss
oc
ia
te
d

2.
 

Da
te
 
of

 
fi

rs
t 

pr
od
uc
in
g 
ma
jo
r 

fi
el

d 
di
sc
ov
er
y:

a.
 

Oi
l 

b.
 

Ga
s

3.
 

Da
te
 
of

 
fi

rs
t 

we
ll

 
dr

il
le

d 
wi

th
in

 
th

e 
pr

ov
in

ce
:

/?
6£
~

A.
 

Nu
mb
er
 o
f 

ex
pl
or
at
or
y 
we
ll
s 

wi
th

in
 
th
e 

pr
ov

in
ce

 
at

 
t
i
m
e
-
o
f
f
i
r
s
t
 
di

sc
ov

er
y 

(e
it

he
r 

oi
l 

or
 
ga
s)
:

5.
 

Nu
mb

er
 
of

 
ex

pl
or

at
or

y 
we

ll
s 

wi
th

in
 
th

e 
pr
o.
vt
fi
ce
 
a
t 

ti
me
 
of

 
fi

rs
t 
ma

lo
r 

di
sc
ov
er
y 

(e
it

he
r 

oi
l 

or
 
ga
s)
:

6.
 

To
ta
l 

nu
mb

er
 
of
 
ex
pl
or
at
or
y 

we
Ur

S^
ar

il
le

d 
to
 
da

te
: 
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
 
(d
at
e)
: 
_
_
_
_
_
_
_
/

7.
 

To
ta

l 
nu

mb
er

 o
f 

de
ve
lo
pm
en
t 
we

ll
s 

dr
il
le
d 

to
 
da

te
: 
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
 
(d
at
e)
: 
_
_
_
_
_
_
_
/

-2
6-



to
 

in
 

*».

3.
 

W
el

l 
d

e
n

si
ty

 
p
er

 
sq

u
ar

e 
m

il
e 

in
 

p
ro

v
in

ce
 

by
 

d
ep

th
:

a.
 

L
es

s 
th

an
 

50
00

 
fe

e
t

b
. 

50
00

 
to

 
10

,0
00

 
fe

e
t

c
. 

1
0

,0
0

0
 

to
 

15
,0

00
 
fe

e
t

d
. 

1
5

,0
0

0
 

to
 

20
,0

00
 
fe

e
t

e.
 

2
0

,0
0

0
 

to
 

30
,0

00
 

fe
e
t

f.
 

G
re

at
er

 
th

an
 

30
,0

00
 

fe
e
t

9
. 

O
ld

es
t 

b
ed

s 
p
en

et
ra

te
d
 

in
 
b
as

in
 

to
 

d
at

e:

ne
e 

by
 

d
ep

th
: 

A
>

7
 

A
 !

""
-N

um
be

r 
o
f 

w
el

ls
 

p
e
n
e
tr

a
ti

n
g
 

^
^
to

 
d
eo

th
s 

o
f:

^
\

. 
"
\
^

>
 

y
v

 /
 '-

-' 
.'- 

 /

W
el

l 
d

e
n
si

ty
 
p
er

 
sq

u
ar

e 
n

ll
e

"-
 -

,

10
. 

D
ee

p
es

t 
b

ed
s 

p
en

et
ra

te
d
 

in
 
b
as

in
 

to
 
d
at

e:
 

a.
 

 _
_

_
_

 

b
.

(g
eo

lo
g
ic

 
ag

e)
 

in
 
fe

e
t)

7
 "

?<
£ 

-f
£
 

. 
A

<*

(g
eo

lo
g

ic
 

ag
e)

 

(d
ep

th
 

in
 

fe
e
t)

11
. 

D
ri

ll
in

g
 
h

is
to

ry
j^

sh
o

w
 b

y 
ta

b
le

 
o
r 

g
ra

p
h

, 
on

 
an

 
an

n
u
al

 
b

a
si

s:

a.
 

N
um

be
r 

o
f 

e
x
p
lo

ra
to

ry
 w

el
ls

 
d
ri

ll
e
d
 

p
er

b
. 

N
um

be
r 

o
f 

d
ev

el
o
p
m

en
t 

w
el

ls
 
d
ri

ll
e
d
 
p
er

 
y

ea
r

c.
 

T
o
ta

l 
nu

m
be

r 
o

f 
a
ll

 
w

el
ls

 
d
ri

ll
e
d
 

p
er

 
y
ea

r

d.
 

N
um

be
r 

o
f 

su
c
c
e
ss

fu
l 

e
x
p
lo

ra
to

ry
 w

e
ll

s,
 

o
r 

su
cc

es
s 

ra
ti

o
 

p
er

 
y
ea

r

(A
v
ai

la
b
le

)
Y

es
N

o

-2
7
-



Appendix II. Ocean Circulation

A. Results of surface drift bottle studies 
in the South Atlantic Bight

B. Results of bottom drifter studies for 
the South Atlantic Bight
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Contours-t, 10,20,30,40, 
50% recovery from Ihol 
portion of the shelf en 
closed by the contours.

Surface 
January Surface 

February

I:    " & Surface 
March

Surface 
April

A. Results of surface drift bottle studies in the South Atlantic 
Bight (Bumpus, 1973). A dot is placed at the center of each 
10 minute rectangle from which no bottles were recovered and 
a star if bottles drifted overseas. Arrows indicate direction 
of drift, with length proportional to fastest drift recovered. 
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B. Results of bottom drifter studies for the South Atlantic 

Bight (Bumpus, 1973). A dot is placed at the center of 

each 10 minute rectangle from which no drifters were 

recovered. An arrow indicates the inferred mean direction 

of drift from each 10-min. rectangle from which drifters 

were recovered; in these charts speed is not indicated, 

and the arrows are all the same length. Recovery rates of 

10, 20, 30, 40, 50, and 60% are contoured; recoveries 

greater than 60% have not been contoured.
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EXPLANATION OF LARGE MAP

Explanation:

Bouguer gravity anomaly map of the U.S. South Atlantic 
Province. This map was prepared using data collected and 
compiled by the Defense Mapping Agency. Most of the data 
used were collected on the USNS Keathley using a LaCoste and 
Romberg and Bell Aerospace meters. Track spacing was generally 
less the 10 km and solid contours are shown where the data 
is good.

Accuracies are considered good with errors of less than +_ 5 
mgals. Simple Bouguer corrections were applied by interpolating 
from the bathymetric map of the area published by AAPG for 
the conversion of the DMA supplied free air values. A density 
of 2.67 g/cc was used for the assumed replacement of rock for 
the water column. The offshore Bouguer contour maps were 
merged with updated Bouguer maps on land in the various states 
of Florida, Georgia, and South Carolina.

NOTE; The Explanation typed on the map of Open-File Report 
75-411 is not readable. Therefore, it is retyped here
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